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YThe f e a s i b i l i t y  of multimethod s t e r i l i z a t i o n  was eva lua ted  
--. - _ _  

w i t h  r e spec t  t o  r educ t ion  of t rea tment  s e v e r i t y  while  main ta in ing  

s t e r i l i z a t i o n  r e l i a b i l i t y .  

and a b s t r a c t e d .  An i n t e r l o c k i n g  key t o  187 a b s t r a c t s  was prepared 

Appropriate  l i t e r a t u r e  was c o l l e c t e d  

for ready reference t o  16 t o p i c s  r e l a t i n g  t o  s t e r i l i z a t i o n .  

Parameters modifying the  b i o l o g i c a l  a c t i o n  of ion iz ing  r a d i a t i o n s ,  
i 

u l t r a v i o l e t  r a d i a t i o n ,  thermal  r e s i s t a n c e ,  chemicals,  e lec t r ic  

f i e l d s ,  magnetic f i e l d s  and u l t r a s o n i c s  were discussed.  Reports 

which concern simultaneous o r  consecut ive  a p p l i c a t i o n  of t hese  

agents  were of p a r t i c u l a r  i n t e r e s t .  Advantages and l i m i t a t i o n s  

of these  t rea tments  were noted w i t h  regard  t o  t h e i r  a p p l i c a t i o n  
* 

~ 

i n  spacec ra f t  s t e r i l i z a t i o n .  
PA 

i 

1 
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Spacecraf t  which re t o  land o s a r e  t o  be 

s t e r i l i z e d  p r i o r  t o  launch because of va r ious  biobogfcab. consider-  

a t i o n s  a s soc ia t ed  w i t h  d e t e c t i o n  06 l i f e  on Mars. Heat is 8pec.d. 

a t  present  o r  i n t e r n a l  s t e r i l i z a t i o n .  The requirement t h a t  

a f t  be maintakne f o r  24 ~ O U P S  a t  I35 C, and t h e  t 

necessary f o r  e s e n t  problems involving 

schedul ing,  repathrs, end r e l i a b i l i t y  of components (6, 13, 15, 

16, 169). Othe methods of s t e r i l i z a t i o n  a l s o  have l i m i t a t i o n s  

when considered i n d i v i d u a l l y ,  On the o t h e r  hand, a combination 

more t rea tments ,  each of lesser s e v e r i t y  than would be 

requi red  if app l i ed  a lone ,  may s t e r i l i z e  in an a d d i t i v e  mannerpf. 

Furthermore, two agents  may i n t e r a c t  so t h a t  a s y n e r g i s t i c  effect. 

can be demonstrated by a degree of microbia l  m o r t a l i t y  w e l l  i n  

excess of t uld  be a t t r i b u t e d  t o  each agent .  A 

combination of t rea tments  which d i s p l a y s  e i t h e r  of these r e l a t i o n -  

' s h i p s  would e l imina te  or  minimize t h e  disadvantages of t h e  

i n d i v i d u a l  t rea tment  r equ i r ed  t o  effect s t e r ' i l i t y  e 

The o b j e c t  of t h i s  c o n t r a c t  is to cons ide r  t h e  f e a s i b k l k t y  of 

l i z a ~ i o n  SO that the s e v e r i t y  of t r e a  multimethod ste 

be decrease 
.a 
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a t  has been favored as a s t e r i l i z i n g  agen t ,  t h e r e  were no 

poss ib l e  agents  and combinations i n  the 

i n t s  of m a t e r i a l  t o l e rance  and m a t e r i a l  pene t r a t ion  

centered around c o l l e c t i o n  and eva lua t ion  o 

ure.  Se lec ted  a r t i c l e s  have been a b s t r a c t e d  and given a 

e n t r y  number. Although mose a r t i c l e s  have been a b s t r a c t e  

i t h  t h e  a b s t r a c t i n g  system descr ibed  i n  Progress  

Report Noo 2, A p r i l  1-30, 1964, c e r t a i n  papers have been 

ac ted  t o  include ex tens ive  experimental. or conceptual d a t a .  

This r e p o r t  inc ludes  187 a b s t r a c t s  and a key t o  t h e  a b s t r a c t s  

which permits  b e d b a t e  determinat ion of those a b s t r a c t s  which 

concern s e v e r a l  of 16 t o p i c s  r e l a t i n g  t o  s t e r i l i z a t i o n ,  s u b j e c t  
1 

uthor  indexes,  a d i scuss ion  of t h e  l i t e r a t u r e ,  and 

recommendations f o r  f u t u r e  work. Some c i t a t i o n s  which cons ider  

the key p o s i t i o n  Qf spacecraft;  s t e r i l i z a t  i n  formulation Of 

n a t i o n a l  and i n t e r n a t i o n a l  po l i cy  for  e x t r a t e r r e s t r i a l  exp lo ra t ion  

have been included (1, 2, 5-8, 10, 11, 13, 14, 16-22). 

The l i b r a r y  services of Mary Ann Archer and Linda L. Brooks, 

and the s e c r e t a r i a l  work of V i r g i n i a  Kay Allen a r e  a c h  

%& 
Norman S. Davis 
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I O N I Z I N G  RADIATIONS AND PARAMETERS 

MODIFYING RADIATION STERILIZATION 

The ion iz ing  r a d i a t i o n s  include a lpha ,  b e t a ,  gamma and X-rays, 

high energy e l e c t r o n s ,  protons,  and neutrons,  These r a d i a t i o n s  a r e  

termed ion iz ing  because the  primary means of  energy d i s s i p a t i o n  i s  

t h e  e j e c t i o n  of e l e c t r o n s  from atoms of t h e  m a t e r i a l  through which 

s. Gamma rays  and X-rays a r e  deeply p e n e t r a t i n g ,  and have 

s i m i l a r  effects on ce l l s .  They a r e  the  p r i n c i p a l  i on iz ing  r a d i a t i o n s  

s tud ied  - i n  microbia l  systems. Although ion iz ing  r a d i a t i o n  i s  

o r d i n a r i l y  considered d e s t r u c t i v e ,  the background r a d i a t i o n  i n  our 

environment may be necessary for normal l i f e  processes  (90). 

Aerobic and anaerobic b a c t e r i a l  spores  resist h igher  doses of 

r a d i a t i o n  than vege ta t ive  cells .  Radiation r e s i s t a n c e  i s  not  uni-  

form wi th in  a c e l l  population (144) o r  among s t r a i n s  of t h e  same 

spec ie s  (96, 101, 108). Differences i n  su r face  p r o p e r t i e s  make i t  

poss ib le  t o  sepa ra t e  r a d i a t i o n  r e s i s t a n t  and n o n r e s i s t a n t  cel ls  i n  

a c u l t u r e  (94). 

c reas ing  r a d i a t i o n  doses ( 9 6 ) ,  bu t  occas iona l  spores  may surv ive  

extreme r a d i a t i o n  doses (9 Mrad) al though t h e  progeny of such 

I n a c t i v a t i o n  is e s s e n t i a l l y  logar i thmic  w i t h  i n -  

survivors do not have unusuaL r a d i a t i o n  resistance (97). 

computer prog has been designe for  mathematically s tudying  

A 
t < 
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r a d i a t i o n  effects on c e l l  populat ions ( 8 9 ) .  

The chemical and phys ica l  environment p r i o r  t o ,  dur ing ,  and 

a f t e r  i r r a d i a t i o n  can i n f l u e n c e  the  r a d i o r e s i s t a n c e  of an organism 

(95, 109, 110, 116, 127, 176). Thus the  environment can a f f o r d  

p ro tec t ion  (72, 106, 123, 130, 131, 137, 138, 139) o r  inc rease  t h e  
2 

s e n s i t i v i t y  of cells t o  ion iz ing  r a d i a t i o n  (72, 92, 106, 136, 142). 

The n u t r i t i o n a l  environment a f t e r  i r r a d i a t i o n  (119, 131) i s  

a l s o  c r i t i c a l  f o r  expression of r a d i o r e s i s t a n c e  s i n c e  the  requi re -  

ments f o r  r e s i s t a n t  ce l l s  t o  i n i t i a t e  growth may be d i f f e r e n t  from 

t h e  requirements of  un i r r ad ia t ed  cells:  A c e l l  may be i n j u r e d  by 

r a d i a t i o n ,  f a i l  t o  grow i n  ordinary c u l t u r e  media, y e t  maintain 

v i a b i l i t y .  S tap le ton  (119) and S tap le ton ,  Engel and Orce (50) 

showed t h a t  c u l t u r a l  condi t ions  i n f l u e n c e  the  r e s i s t a n c e  of 

Escherichia  c o l i  t o  phys ica l  and chemical agents .  

of s t r a i n  B / r  (CSH) r e q u i r e  c e r t a i n  amino a c i d s  i n  the pos t -  

R e s i s t a n t  cel ls  

i r r a d i a t i o n  p l a t i n g  media f o r  expression of r e s i s t a n c e .  Since any 

r- s t e r i l i z a t i o n  process  depends on absence of  growth i n  c u l t u r e  media 

a s  an i n d i c a t i o n  t h a t  a r e l i a b l e  process  has been app l i ed ,  a l a r g e  

number of i n j u r e d  but  non-multiplying organisms would s t i l l  be 

s i g n i f i c a n t  unless it  can be shown t h a t ' t h e  l i k e l i h o o d  of a favor-  

able extraterrestrial environment is  remote. 

7 
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4 Radiat ion I n a c t i v a t i o n .  The threshold  s t e r i l i z i n g  dose f o r  10 

Clostr idium botulinum spores  i n  n e u t r a l  phosphate b u f f e r  was 

determined by e l l i s  and Koch (108) t o  be 1 , 4  Mrad. About 15 of 

102 s t r a i n s  had p a r t i a l  s u r v i v a l  a t  t h i s  dose of gamma r a y s .  

m o s t  r e s i s t a n t  s t r a i n s  had D values  of 0,317 t o  0.336 Mrad. 

s t e r i l i z i n g  e f f i c i e n c y  of g m a  r a d i a t i o n  is a d d i t i v e  w i t h  incre- 

ments of r a d i a  

The 

The 

6 Nickerson, Proc tor  and Go ldb l i th  (87) found 1.5-2.0 X 10 r e p  

cathode r ays  were requi red  t o  s t e r i l i z e  foods inocula ted  w i t h  160- 

1800 Clostr idium sporogenes spores  pe r  g .  

Duggan, Anderson, and E l l i k e r  (106) reduced t h e  v i a b i l i t y  of 

some r a d i a t i o n  r e s i s t a n t  vege ta t ive  b a c t e r i a  by a f a c t o r  of about 

lom5 w i t h  3*0 Mrad and by a f a c t o r  of over loe9 w i t h  4.0 Mrado 

Grecz, Walker and Anellis (114) found t h a t  t h e  s u b s t r a t e  

composition inf luenced  t h e  shape of the  gamma r a d i a t i o n  s u r v i v a l  

curve f o r  Clostr idium botulinum a f t e r  0.7 and 0.9 Mrad adminis te red  

Over the temperature range -196 t o  +gO C. Depending on t h e  s u b s t r a t e  

and dose,  r a d i a t i o n  r e s i s t a n c e  appeared lowest a t  -20 t o  +40 C. 

Grecz and his  a s s o c i a t e s  (115) observed t h a t  r a d i a t i o n  r e s i s t a n c e  
L -  

of - C. botulinum w a s  g r e a t e r  a t  -196 C than a t  0 C. 

and 3.0 Mrad were requi red  to i n a c t i v a t e  5 X 10 

Doses of 3.9 
4 spores  at -196 

and 0 C respeceively. 

e 
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Roberts (117) r epor t ed  t h a t  young encyst ing ce l l s  of Azotobacter 

v i n e l a n d i i  a r e  s e n s i t i v e  t o  low r a d i a t i o n  doses.  Gamma and X-ray 

doses of 30-100 rad  i n a c t i v a t e d  10-30 percent  of t he  c e l l s .  About 

90 percent  were i n a c t i v a t e d  by 6,000 rad.  This  organism and 

Eschei ich ia  - coli K 1 2  (lambda) (118) a r e  p o t e n t i a l  b i o l o g i c a l  

i n d i c a t o r s  of low r a d i a t i o n  doses., 

Drake, Evans, and Niven (65) determined the  r a d i a t i o n  

r e s i s t a n c e  of spores  of s e v e r a l  c u l t u r e s  i s o l a t e d  from i r r a d i a t e d  

canned ham. The LD values  were: Bac i l lu s  l i c h e n i f o m i s ,  249,000 
99 

rad ;  Bac i l lu s  coagulans,  338,000 rad ;  Bac i l lu s  cereus, 513,000 r ad .  

The r a d i a t i o n  r e s i s t a n c e  of Streptococcus faecium s t r a i n  HS-5 was 

as high a s  most b a c t e r i a l  spores .  

Exposure of Clostr idium roseum spores  t o  350 ki loroentgens  

was found by Wooley, C o l l i e r ,  and Clark (146) t o  prevent  outgrowth 

of 90 percent  of t h e  i r r a d i a t e d  spores .  

E t c h e l l s  _.- e t  a l e  (97) found t h a t  3 Mrep were requi red  t o  

s te r i l i ze  small  cucumbers. One t o  t e n  spores  usua l ly  survived 

1-2 Mrep. Other b a c t e r i a ,  molds and yeas t  had f e w  su rv ivo r s  a f t e r  
, *  

exposure t o  5OO,OOO - 750,000 rep’. 

has  been increased (101) by successive i r r a d i a t i o n s ,  bu t  Webb and 

Clark (151) obtained a s i g n i f i c a n t  i nc rease  i n  s e n s i t i v i t y  of 

Radiation r e s i s t a n c e  of c u l t u r e s  

Nocardia coral l ina coccoids by success ive  X-ray i r r a d i a t i o n .  
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Temperature. E f f o r t s  t o  lower the dose requi red  f o r  r a d i a t i o n  

s t e r i l i z a t i o n  of foods have r e s u l t e d  i n  numerous papers concerned 

p r imar i ly  w i t h  chemical s e n s i t i z e r s  and temperature c o n t r o l .  The 

chemical a p p l i c a t i o n s  would be of ques t ionable  value i n  s p a c e c r a f t  

s t e r i l i z a t i o n  s i n c e  t h e  necessary aqueous environment would not  

s u b j e c t  i n t e r n a l  p o r t i o n s  of spacec ra f t  components t o  the  chemical.  

Graikoski  (75) s tud ied  the  i n t e r a c t i o n  of temperature and 

gamma i r r a d i a t i o n  on spores  of Clostridium botulinum and p u t r e f a c t i v e  

anaerobe NCA 3679. These spores were s l i g h t l y  more r e s i s t a n t  t o  

r a d i a t i o n  a t  -70 than a t  4 C .  Spore s u r v i v a l  was g r e a t e s t  a t  

i r r a d i a t i o n  temperatures j u s t  below the  t e m a l  l e t h a l  t h re sho ld ,  

Above' t h i s  t h re sho ld ,  85 C f o r  Clostridium botulinum, spores  were 

r a p i d l y  i n a c t i v a t e d  by r a d i a t i o n .  Survivors increased  i n  number 

as t h e  i r r a d i a t i o n  temperature was r a i s e d  above room temperature.  

Although r a d i a t i o n  s e n s i t i z e d  spores  t o  h e a t ,  t he  thermal l e t h a l  

th reshold  was not  lowered. . 

Graikoski  noted t h a t  i r r a d i a t i o n  should be conducted a t  t h e  

thermal l e t h a l  th reshold '  of t he  most hea t  r e s i s t a n t  organism i n  

o r d e r  t o  eva lua te  t h i s  combined method of s t e r i l i z a t i o n .  He 

concluded t h a t  t h e  b e s t  procedure f o r  s e n s i t i z i n g  spores  t o  h e a t  

would u t i l i z e  hea t ing  p r i o r  t o  i r r a d i a t i o n ,  dur ing  i r r a d i a t i o n ,  

and a f t e r  i r r a d i a t i o n  a t  a l e t h a l  temperature. Heat and i r r a d i a t i o n  

must be app l i ed  s imultaneously to demonstrate t h e  temperature effect .  



Bellamy, Erickson and Lynch (98) i r r a d i a t e d  spores  over t h e  

range -178 t o  110 C w i t h  1.5 MeV e l e c t r o n s .  The r e s i s t a n c e  of  

Bac i l lu s  spores  i r r a d i a t e d  anaerobica l ly  was nea r ly  

independent OS temperature between -178 and +72 C, but  deckeased 

l i n e a r l y  a t  i r r a d i a t i o n  t a p e r a m r e s  froa 72 tc 100 C. S a c i L l c s  

was l e a s t  r e s i s t a n t  a t  0 C.  Aerobically i r r a d i a t e d  

spores  do no t ,  however, g i s p l a y  a minimum 

s e n s i t i v i t y  over t h e  i r r a d i a t i o n  temperature range -70 t o  +80 C. 

Dried spores  a r e  much more r a d i a t i o n  r e s i s t a n t  than spore 
I 

suspensions a t  e l eva ted  temperatures.  

Nickerson, Proc tor  and Go ldb l i th  (87) obtained g r e a t e r  

r a d i a t i o n  r e s i s t a n c e  i n  - C.  sporogenes i r r a d i a t e d  i n  n i t rogen ,  

vacuum, frozen and i n  vacuum, and frozen,  than a t  room temperature 

i n  a i r .  L i c c i a r d e l l o  and Nickerson (72) required less r a d i a t i o n  

t o  k i l l  90 p e r c e n t . o f  Clostridium sporogenes PA 3679 spores  a t  20 C 

than a t  66-68 C or  -78 C. 

Duggan, Anderson and El l iker  (106) d i d  not  observe d i f f e r e n c e s  

i n  r e s i s t a n c e  when s e v e r a l  r a d i a t i o n  r e s i s t a n t  vege ta t ive  b a c t e r i a  

were i r r a d i a t e d  a t  0 and 20 C. Cells ' i r r a d i a t e d  a t  40 and 50 C 

more s e n s i t i v e  t o  radiation. Heating t h e  c u l t u r e s  p r i o r  

t o  irradiation lowered the radiation re s i s t ance .  
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Drake, Evans and Niven (65) i r r a d i a t e d  surv ivors  of a hea t  

t reatment  t h a t  k i l l e d  90 percent  of Streptococcus faecium s t r a i n  

HS-5 cells. The su rv ivo r  curve had less i n i t i a l  l a g ,  bu t  gene ra l ly  

p a r a l l e l e d  t h a t  obtained w i t h  unheated ce l l s .  Suspensions i n i t i a l l y  

i r r a d i a t e d  t o  90 percent  l e t h a l i t y  were s l i g h t l y  more hea t  s e n s i t i v e  

than u n i r r a d i a t e d  se l l s .  The i n i t i a l  l a g  phase was again e l imina ted ,  

Sodium ch lo r ide  i n  t h e  suspending medium appeared t o  s e n s i t i z e  the  

cells t o  both hea t  and i r r a d i a t i o n ,  

Shoesmith (134) demonstrated t h a t  v i a b i l i t y  and ‘pathogenicity 

were i n a c t i v a t e d  exponent ia l ly  a t  100 C in Clostridium t e t a n i  

spo res ,  r equ i r ing  15 and 25 min f o r  a t en fo ld  decrease i n  v i a b l e  

count’and pa thogenic i ty .  

requi red  2 - 6  X 10 

The same l o s s  i n  v i a b i l i t y  by g a m a  rays  

5 5 r a d ,  while  6.0 X 10 rad  were necessary for 90 

percent  l o s s  i n  pa thogenic i ty .  

P o s t i r r a d i a t i o n  hea t ing  has  been found t o  enhance r a d i a t i o n  

l e t h a l i t y  o r  t o  . increase su rv iva l .  Ehret  -- e t  a l e  (111) obtained 

r e s t o r a t i o n  of a - c o n s i d e r a b l e  f r a c t i o n  of anaerobica l ly  i r r a d i a t e d  

B a c i l l u s  mega te r im spores  on exposure t o  h igher  temperatures a f t e r  

i r r a d i a t i o n .  Damage was no t  r e v e r s i b l e ,  however, i f  anae rob ica l ly  

i r r a d i a t e d  spores  were exposed t o  oxygen before  being heated,  

T a l l e n t i r e  and Powers (141) were able t o  r e s t o r e  B a c i l l u s  

mega te r im spores  dried in a i r  by p o s t i r r a d i a t i o n  heat ing.  

I 
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Vacuum-dried spores  t r e a t e d  s i m i l a r l y  were not  r e s to red .  According 

t o  Tal lent i re  and Davies (104),  t h e  p r o b a b i l i t y  of p o s t i r r a d i a t i o n  

oxygen-induced l e t h a l i t y  f o r  dry B a c i l l u s  s u b t i l i s  spores  i s  g r e a t -  

es t  a t  37, 45, and 50 C. 

Har r i s  and Whi te f ie ld  (145) examined t h e  i n f l u e n c e s  of pos t -  

i r r a d i a t i o n  temperatures i n  the  range 8-37 C on the  v i a b i l i t y  of 

Escherichia  - c o l i  f i n a l l y  incubated a t  37 C. X-ir rad ia ted  cel ls  

had g r e a t e s t  s u r v i v a l  i f  they were held f o r  24 hr a t  15 C before 

v i a b i l i t y  was determined a t  37 C. Dharkar (132) observed t h a t  

g a m a  i r r a d i a t i o n  s e n s i t i z e d  organisms i n  orange ju ice  t o  sub- 
c 

sequent hea t  t reatment .  

r a d ,  b u t  h a l f  t h i s  dose s u f f i c e d  i f  t he  j u i c e  was incubated f o r  15 

m i a  a t  50 C following i r r a d i a t i o n .  

The s t e r i l i z i n g  r a d i a t i o n  dose was 8 X lo5 

Morgan and Reed (125) showed t h a t  gamma i r r a d i a t i o n  increased  

the s u s c e p t i b i l i t y  of thermophil ic  anaerobe NCA 3814 t o  subsequent 

hea t ing  a t  240 F (116 C). P r i o r  hea t ing  d i d  not  i nc rease  t h e  

r a d i a t i o n  s e n s i t i v i t y  of Bac i l lu s  coagulans and - B. s tearothermophilus .  

L i c c i a r d e l l o  (128) obtained s i g n i f i c a n t l y  g r e a t e r  d e s t r u c t i o n  

of  Salmonella typhimurium when r a d i a t i o n  (20’,000 .. 125,000 r a d )  

and heat were app l i ed  simultaneously than when they were app l i ed  

consecut ively.  The l e t h a l  effect w a s  g r e a t e s t  a t  i r r a d i a t i o n  

temperatures above 110 F (43 C). In another report, 

(186) noted t h a t  a complementary effect occurs  Only 

L i c c i a r d e l l o  

when i r r a d i a t i o n  
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precedes hea t  t reatment .  

r a d i a t i o n  s e n s i t i z e s  them t o  h e a t ,  Seve ra l  spec ie s  a r e  s q n s i t i a e d  

t o  a lesser extent when they a r e  i r r a d i a t e d  i n  complex organic  

media than i,n b u f f e r ,  When Salmonella typhimurium was heated 

simultaneously w i t h  i r r a d i a t i o n ,  t h e r e  were f a r  fewer su rv ivo r s  

than when hea t ing  followed i r r a d i a t i o n  e 

Spores d i f f e r  i n  t h e  degree t o  which 

According t o  Grecz, Walk& and A n e l l i s  (179), 0.4 Mrad gamma 

rays  s i g n i  i c a n t l y  reduced Clostr idium sporogenes PA 3679 spore 

r e s i s t a n c e  t o  convent ional  h e a t  ana t o  a g r e a t e r  degree t o  micro- 

wave hea t .  Radiat ion r e s i s t a n c e  w a s  only s l i g h t l y  a f f e c t e d  i f  

e i t h e r  mode of hea t ing  preceded i r r a d i a t i o n .  

Hollaender (88) noted t h a t  cel ls  a r e  more s e n s i t i v e  t o  hea t  

a f t e r  X-rays, but  r e a c t i v a t i o n  of an Escher ich ia  - c o l i  s t r a i n  

occurred i f  incubat ion was a t  40 C. 

given before X-i r r ad ia t ion  w i l l  i n c r e a s e  t h e  production of 

I n f r a r e d  around 10,000 A 

mutat ions i n  i r r a d i a t e d  A s p e r g i l l u s  t e r r e u s  (88). 

L i c c i a r d e l l o  (127) found tha t  organic-matter  and oxygen must 

be absent  f o r  vi tamin % t o  s e n s i t i z e  Salmonella t o  gamma r a d i a t i o n .  

Moderate temperatures did no t  enhance r a d i o s e n s i t i z a t i o n  by %. 
Gaseous Atmosphere, 

Oxygen, Oxygen s e n s i t i z e s  v i r t u a l l y  a l l  b i o l o g i c a l  systems and 

many chemical systems t o  i n a c t i v a t i o n  o r  a l t e r a t i o n  by ionizing 

I 
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r a d i a t i o n s .  The enhanced response has been termed t h e  'oxygen 

e f f ec t ' -  

of oxygen (anoxia).  Many agents  which modify r a d i a t i o n  damage 

n o t  a c t  per se,  but  r a t h e r  by br inging  about a change i n  t h e  oxygen 

concentrat ion i n  t h e  v i c i n i t y  of t h e  i r r a d i a t e d  c e l l ,  Nitrogen 

Cells a r e  gene ra l ly  more r a d i o r e s i s t a n t  i n  t h e  absence 

g a s  is  i n e r t ,  and is  gene ra l ly  bubbled through t h e  suspension t o  

achieve anoxia.  

Oxygen present  during i r r a d i a t i o n  g r e a t l y  enhances t h e  l e t h a l  

a c t i o n  of i on iz ing  r a d i a t i o n  toward dry  microorganisms (93, 99, 100, 

103, 111, 120, 141, 171, 187) and a l s o  lessens s u r v i v a l  of organisms 

i n  suspension during i r r a d i a t i o n  (72, 88, 112, 135, 140, 170). 

Bachofer and Pot t inger  (91) however, discovered t h a t  oxygen 

p r o t e c t s  T i  bacteriophage a g a i n s t  bo th  i r r a d i a t i o n  and hydrogen 

peroxide.  Nei ther  oxygen, a i r ,  nor n i t rogen  inf luenced s u r v i v a l  

of organisms i n  i r r a d i a t e d  o r m g e  juice (l32), presumably because 

of t h e  presence of p r o t e c t i v e  substances.  Oxygen cont inues  t o  

cause l e t h a l  damage i f  p re sen t  a f t e r  i r r a d i a t i o n  (99, 103, 104, 

110).  T a l l e n t i r e  and Davies (103) discovered t h a t  water prevents  

the l a t en t  damage a t t r i b u t e d  t o  oxygen. 
\ 

Nitric Oxide e 
-L-.--.-.- 

Nitric oxide is also a c t i v e  i n  modifying r a d i a t i o n  

i n j u r y .  Organisms exposed t o - - n i t r i c  oxide i n  advance of r a d i a t i o n  

(102) displayed enhanced r a d i o s e n s i t i v i t y .  T a l l e n t i r e  and Dickinson 
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( log)  demonstrated t h a t  dry Bac i l lu s  s u b t i l i s  spores  i r r a d i a t e d  

i n  vacuum disp layed  a p o s t i r r a d i a t i o n  oxygen e f f e c t .  N i t r i c  oxide 

admitted between exposures t o  oxygen stopped f u r t h e r  development 

of the  oxygen effect .  

Powers, Kaleta  and Webb (171) observed t h a t  dry spores  of 

Ba c i 1 L-us were pro tec ted  when n i t r i c  oxide was p re sen t  

during i r r a d i a t i o n  i n  the first f e w  hours a f t e r  i r r a d i a t i o n  i n  
L 

nit rogen.  Ehret -c_ et a l .  

anaerobica l ly  i r r a d i a t e d  Baci l lus  mega te r im spores .  

r e s t o r a t i o n  of a considerable  f r a c t i o n  of these spores occurred on 

(111) a l s o  found n i t r i c  oxide p ro tec t ed  

Thermo- 

exposure t o  h igher  temperatures a f t e r  i r r a d i a t i o n .  On the o t h e r  

nand, damage was no t  r e v e r s i b l e  i f  anaerobica l ly  i r r a d i a t e d  spores  

were exposed t o  oxygen before  they were heated. 

Howard-Flanders and Jockey (140) found n i t r i c  oxide and oxygen 

t o  be equiva len t  i n  doubling the  r a d i o s e n s i t i v i t y  of Sh ige l l a  sonnei  

during i r r a d i a t i o n .  Lynch and Howard-Flanders (142) e s t a b l i s h e d  

t h a t  pretreatment  of t h i s  spec ies  wi th  n i t r i c  oxide - i n  anoxia ,  o r  

w i t h  N-ethylmaleimide (NEM), a su l fhydry l  scavenger,  rendered the 
r 

-organism more sensitive t o  anoxic i r r a d i a t i o n .  Their  d a t a  i n d i c a t e d  

tha t  l e t h a l i t y  was g r e a t e s t  when su l fhydry l  groups were dep le t ed  

by NEM and i r r a d i a t i o n  took p lace  i n  oxygen. 

U l t r a v i o l e t  Radiation. 

spo res  of Streptomyces aureofaciens were exposed to  X-rays a f t e r  

Gol 'dat  and Alikhanyan (171) found that if 



u l t r a v i o l e t  treatment t h e  number of surv ivors  was considerably 

h igher  than expected cons ider ing  t h e  two i r r a d i a t i o n  a c t i n g  

s e p a r a t e l y .  
3 

Small u l t r a v i o l e t  r a d i a t i o n  doses were also r epor t ed  

t o  be p r o t e c t i v e  t o  Saccharomyces c e r e v i s i a e  according t o  Elkind 

and Sutton (153, l7l), The p r o t e c t i v e  a c t i o n  was demonstrated f o r  

y e a s t  exposed t o  u l t r a v i o l e t  e i t h e r  before o r  a f t e r  X-rays. It is 

evident  t h a t  u l t r a v i o l e t  and ion iz ing  r a d i a t i o n  i n  combination 

should no t  be considered a s a t i s f a c t o r y  s t e r i l i z a t i o n  procedure,  

Visible  Light .  Elkind and Sut ton (153, 171) found that v i s i b l e  

l i g h t  r eve r ses  the  u l t r a v i o l e t  p ro t ec t ion  of X-ray l e t h a l i t y  a s  

w e l l  a s  u l t r a v i o l e t  l e t h a l i t y .  Savage, Howell and Clark (147) 

no ted  t h a t  Nocardia c o r a l l i n a  and Staphylococcus aureus could be 

photoprotected a g a i n s t  X-ray i n a c t i v a t i o n .  Staphylococcus aureus 

was p ro tec t ed  i f  incubated a t  37 C but  no t  a t  29 C. The phys io log ica l  

s t a t e  of t h e  organism and t h e  c u l t u r e  medium were shown t o  in f luence  

t h e  degree of  photoprotect ion.  These r e s u l t s  suggest  t h a t  

r a d i a t i o n  experiments should be performed i n  t h e  dark f o r  maximal 

l e t h a l i t y :  If poss ib l e ,  the i r r a d i a t e d  o b j e c t s  should be maintained 

i n  t h e  dark. 

- Water. 

the lethal e f f i c i e n c y  of radiation increases by about 35 percen t  i n  

T a l l e n t i r e ,  Dickinson and Collet t  (110) determined that 

changing from the  d r t e s t  spore state t o  a condi t ion  of 100 percent  

r e l a t i v e  humidity a t  roan temperature.  They considered water  vapor 
"-4 

I 
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p a r t i a l  p r e s s u r e  a f a c t o r  i n f luenc ing  t h e  s t e r i l i z a t i o n  e f f i c i e n c y  

of a given dose of r a d i a t i o n .  Very dry A s p e r g i l l u s  terreus spores  

a r e  notably r e s i s t a n t  t o  X-rays (88) .  

Davis, Silverman and Keller (120) and Silverman, Davis and 

Keller (187) found tha t  spores  of  s e v e r a l  spec ie s  maintained i n  

u l t r a h i g h  vacuum for s e v e r a l  days w e r e  m m e  sensit ive t o  gamma 

r a d i a t i o n  when i r r a d i a t e d  i n  a i r  than i n  vacuum. Desiccant-dried 

spores  i r r a d i a t e d  i n  a i r  were more r e s i s t a n t  than t h e  u l t r a d r y  

spores  exposed t o  a i r  during i r r a d i a t i o n  and were a s  r e s i s t a n t  as  

u l t r a d r y  spores  i r r a d i a t e d  i n  vacuum, 

Radiat ion - and Spacecraf t  S t e r i l i z a t i o n ,  

would' not  s t e r i l i z e  a s p a c e c r a f t  i n  f l i g h t  because of  pene t r a t ion  

and dose l i m i t a t i o n s  (169). S t e r i l i z i n g  doses of  r a d i a t i o n  have 

been repor ted  (6, 7 )  t o  degrade s p a c e c r a f t  components t o  t h e  same 

degree a s  d ry  hea t .  

The r a d i a t i o n s  i n  space 

There are s e v e r a l  l i m i t a t i o n s  on t h e  a p p l i c a t i o n  of  r a d i a t i o n  

i n  spacec ra f t  s t e r i l i z a t i o n .  Gamma ray  i n t e n s i t y  is  not  uniform 

throughout a r a d i a t i o n  f i e l d  because of t h e  s p a t i a l  o r i e n t a t i o n  of 

t h e  Cobalt-60 r a d i a t i o n  source.  A dosimetry diagram must be 

prepared of t h e  space u t i l i z e d  for  r a d i a t i o n  exposure.  The 

r a d i a t i o n  i n t e n s i t y  decreases  w i t h  t ime since the half-life of 

Cobalt-60 is  5.3 years .  These f a c t o r s  r e l a t e  t o  t h e  time requ i r ed  

f o r  t h e  s u b j e c t  t o  receive t h e  desired r a d i a t i o n  dose. The e s t ima ted  
'. 
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dose can be obtained a s  an ave age based on t h e  i n t e n s i t i e s  i n  

planes perpendicular  t o  the  r a d i a t i o n  source ,  The dose i s  there-  

f o r e  not  p r e c i s e l y  determined, but i s  assumed uniform f o r  a small  

homogeneous s u b j e c t .  

Ha l l  and Bruch (22)  noted t h a t  only hea t  and r a d i a t i o n  achieve 

both  su r face  and i n t e r n a l  s t e r i l i z a t i o n ,  Dry hea t  was .considered 

t h e  p r e f e r r e d  agent .  

appl ied  i n f l u e n c e s  microbia l  s u r v i v a l  a s  does the  atmosphere during 

and a f t e r  i r r a d i a t i o n .  Bruch (168) had suggested t h a t  dry hea t  

and r a d i a t i o n  i n  combination may prove f e a s i b l e  f o r  s t e r i l i z i n g  

components degraded by s t e r i l i z i n g  doses of each agent.  

The order  i n  which hea t  and r a d i a t i o n  are 

The i n t e r n a l  cons t ruc t ion  of a l l  components t o  be i r r a d i a t e d  

must be known t o  t h e  personnel respons ib le  f o r  operat ing the  

r a d i a t i o n  f a c i l i t y .  M e t a l l i c  p a r t s  o f  t he  i r r a d i a t e d  o b j e c t s  w i l l  

absorb and s c a t t e r  i n c i d e n t  r a d i a t i o n .  M e t a l l i c  elements would 

s h i e l d  m a t e r i a l  no t  i n  t h e  d i r e c t  pa th  of t h e  r a y s  so t h a t  p a r t  

of the  o b j e c t  w i l l  n o t  r ece ive  the  d e s i r e d  dose.  S ince  r a d i a t i o n  

effects are no t  s u b j e c t  t o  i n t e r f e r e n c e  by i n t e r r u p t i o n s  i n  dose 

d e l i v e r y  ( l l 3 ) ,  it may be p r a c t i c a b l e  t o  r o t a t e  o r  t u rn  the  

component o r  module t o  expose a l l  a r e a s  l i k e l y  t o  be shadowed i n  

any o r i e n t a t i o n .  The inhomogeneity of t h e  r a d i a t i o n  f i e l d  would 

impose a l i m i t  0 t h e  size module t o  be t r e a t e d ,  

I 



Radiat ion effects i n  m a t e r i a l s  a r e  not  genera l ized ,  but are 

a func t ion  of t h e i r  chemical composition. One cannot properly 

r e l a t e  r a d i a t i o n  d a t a  obtained w i t h  model systems frm which 

organisms a r e  e a s i l y  r e t r i e v e d  f o r  v i a b i l i t y  s t u d i e s  t o  t h e  

e s s e n t i a l l y  in so lub le  ma t r ix  of  an e l e c t r o n i c  component. 

and f i x a t i o n  of free r a d i c a l s  important i n  k i l l i n g  microorganisms 

Formation 

w i l l  depend on the  m a t e r i a l  harboring t h e  microbes.  Component 

s imulants  would t h e r e f o r e  be u s e f u l  i n  hea t  s t u d i e s ,  but  of 

ques t ionable  value i n  a r a d i a t i o n  program. A r a d i a t i o n  dose known 

t o  s t e r i l i z e  a model system might n o t  be adequate t o  s t e r i l i z e  

an e l e c t r o n i c  device which by chance included a r a d i a t i o n  p r o t e c t i v e  

Chemical intended t o  se rve  another  func t ion .  

The gaseous atmosphere i n  t he  r a d i a t i o n  chamber can be expected - 
t o  inf luence  radiat ion-induced chemical r e a c t i o n s  i n  t he  su r face  

of impermeable p l a s t i c s  and r e s i n s  such a s  would be found i n  space- 

c r a f t  components. A t  app ropr i a t e  doses ,  r e a c t i o n s  would include 

decomposition, v o l a t i l i z a t i o n ,  or a t ransformation which can 

i n t e r f e r e  w i t h  t h e  i n s u l a t i n g  or p r o t e c t i v e  func t ion  of t h e  m a t e r i a l  

(169). 

produced as a consequence of i r r a d i a t i o n .  

If a i r  i s  p resen t ,  ozone and oxides  of  n i t rogen  w i l l  be 

These gases  may then 

r e a c t  w i t h  t h e  i t e m  being i r r a d i a t e d .  

The atmosphere would the re fo re  be most s i g n i f i c a n t  insofar 

is  concerned, and secondly as a dose as m a t e r i a l  d e t e r i o r a t i o  
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reducing f a c t o r .  Should i t  be f e a s i b l e  t o  apply r a d i a t i o n  and 

h e a t  below the  threshold l e v e l s  f o r  m a t e r i a l  damage, and i t  i s  

known t h a t  oxygen i s  no t  d e l e t e r i o u s ,  i t  would be d e s i r a b l e  t o  

spec i fy  an a i r  o r  oxygen atmosphere t o  in t roduce  the  oxygen 

e f f e c t  on t h e  sur face  contamination present  on the  i r r a d i a t e d  

o b j e c t ,  



I N ~ C T I V A T ~ O ~  BY ULTRAVIOLET RADIATION 

B a c t e r i c i d a l  u l t r a v i o l e t  lamps r a d i a t e  about 90 percent  of 

t h e i r  energy a t  2537 A ,  a wavelength near  2650 A ,  t he  maximum for 

l e t h a l  a c t i v i t y ,  U l t r a v i o l e t  p e n e t r a t e s  only S l i g h t l y  below t h e  

su r face  of a l i q u i d ,  and is pr imar i ly  used t o  res t r ic t  mic rob ia l  

growth on su r faces  and t o  s t e z i l i z e  a i r .  Other than the  i n d i r e c t  

a c t i o n  of ozone prodraced i n  s m a l l  q u a n t i t i e s  by these  lamps, any 

sh ie ld ing  makes u l t r a v i o l e t  e s s e n t i a l l y  ineffec i v e  u n l e s s  a 

r e f l e c t i v e  su r face  i s  in te rposed ,  

V i s i b l e  l i g h t  of c e r t a i n  wavelengths appl ied  a f t e r  u l t r a v i o l e t  

exposure can r eve r se  the apparent  u l t r a v i o l e t  i n a c t i v a t i o n .  There 

i s  also evidence (157) t h a t  v i s i b l e  l i g h t  can p a r t i a l l y  p r o t e c t  

organisms subsequently exposed t o  u l t r a v i o l e t  e U l t r & i o l e t  can 

a l s o  inc rease  s e n s i t i v i t y  t o  h e a t ,  bu t  t h i s  combination would be 

app l i cab le  only t o  su r face  s t e r i l i z a t i o n  under condi t ions  of 

Limited hea t  pene t r a t ion  wi th in  s o l i d s .  

Perhaps t h e  main use of U l t r a v i o l e t  would be i n  s p a c e c r a f t  

assembly. 

c r a f t  assembly w i l l  de s t roy  a i rbo rne  microorganisms provided they 

a r e  no t  contained wi th in  dust  p a r t i c l e s  o r  o t h e m i s e  sh ie lded .  

High i n t e n s i t y  u l t r a v i o l e t  lamps i n  a i r  condi t ion ing  d u c t s  can 

des t roy  90-99 percent  of t h e  organisms pass ing  by t h e  lamps. 

U l t r a v i o l e t  lamps i n  rooms o r  i s o l a t o r s  used for space- 
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Nagy (op. - -  c i t . )  presented  da ta  necessary f o r  c a l c u l a t i n g  t h e  lamp 

requirements f o r  va r ious  s i z e  i n s t a l l a t i o n s .  

Federova (14&) discussed the  u l t r a v i o l e t  r e s i s t a n c e  of micro- 

organisms i n  connection wi th  p r o t e c t i o n  which might be af forded  by 

cosmic d u s t  and t h e  p o s s i b i l i t y  of i n t e r p l a n e t a r y  t r a n s p o r t  of 

microorganisms. The u l t r a v i o l e t  r e s i s t a n c e  of microorganisms 

v a r i e s  over a wide range of u l k r a v i o l e t  energy. Spores OS b a c t e r i a  

and f u n g i  a r e  10-40 times more r e s i s t a n  than vege ta t ive  ce l l s .  

Organisms which produce dark spo es are m w  

organisms withstand about 2 X lo3 erg/cm2/sec longer  than 3-4 m i n e  

I n a c t i v a t i o n  of 99 percent  of t he  organisms i n  a c losed room r e q u i r e s  

1 - 1 . 5 . X  10 erg/cm2. Exposure t o  v i s i b l e  l i g h t  p r i o r  t o  u l t r a -  

r e s i s t an t ,  but no 

i 6 

v i o l e t  i n c r e a s e s  r e s i s t a n c e  t o  u l t r a v i o l e t ,  A spore coated w i t h  

dead cel ls  o r  w i th in  a speck of  d u s t  w i l l  be somewhat p ro tec t ed  

because of t h e  low pene t r a t ion  of u l t r a v i o l e t .  

I n  a r e c e n t  pub l i ca t ion ,  Nagy (American I n d u s t r i a l  Hygiene 

Assoc ia t ion  Journa l ,  v. 25, pp. 274-281, 1964) reviewed the 

p r o p e r t i e s  and b i o l o g i c a l  effects of u l t r a v i o l e t  genera tors .  A 

u s e f u l  table  l ists  t h e  energy requi red  a t  2537 A for  90 percen t  

i n h i b i t i o n  and for  complete d e s t r u c t i o n  o f  over  40 spec ie s  of 

b a c t e r i a ,  y e a s t s ,  and molds. Asperg i l lus  n i g e r  spores ,  t h e  m o s t  

r e s i s t a n t  organism c i t e d ,  r equ i r ed  132,000 microwatt-sec/sq c m  

for  t o t a l  d e s t r u c t i o n  of colony forming capac i ty .  Specia l  lamps 
25 
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e m i t  a cont ro l led  amount of 1849 A r ad ia t ion .  This  wavelength 

d i s soc ia t e s  oxygen t o  produce ozone. Ozone is  b a c t e r i c i d a l  a t  

0.04 ppm and 60-90 percent  r e l a t i v e  humidity. 

Webb, Clark and Bailey (158) disclosed t h a t  l a rge  proportions 

of staphylococci w i l l  survive u l t r a v i o l e t  i r r a d i a t i o n .  

Cowling, F i e ld  and Alexander ( O f f i c i a l  V, 34,  pp. 816- 

842, 1962) found t h a t  organic coat ings considered for spacecraf t  

temperature con t ro l  a r e  l e s s  rap id ly  degraded by u l t r a v i o l e t  

r ad ia t ion  i n  a simulated space environment than i n  the normal' 

t e r r e s t r i a l  atmosphere. 

Water Vapor 

Atmospheric water vapor absorbs much of the b a c t e r i c i d a l  

u l t r a v i o l e t .  Most microorganisms a r e  much more s e n s i t i v e  t o  u l t r a -  
) 

v i o l e t  when i r r a d i a t e d  i n  a dry atmosphere o r  i n  vacuum. 

Beebe (167) demonstraced t h a t  b a c t e r i a l  aerosols  i r r a d i a t e d  

wi th  b a c t e r i c i d a l  u l t r a v i o l e t  l i g h t  a r e  pro tec ted  by water vapor 

i n  the atmosphere. 

Luckiesh -_. e t  a l .  (150) demonstrated t h a t  while c e r t a i n  organisms 

displayed increased r e s i s t a n c e  t o  u l t r a v i o l e t  wi th  increas ing  

humidity, o the r s  appeared less r e s i s t a n t  a t  high humidities.  

Airborne mold spores  were unaffected by wide v a r i a t i o n s  i n  

humidity. 

1,800 and 9,000 micrawatts/sq cm-min f o r  50 and 90 percent i n -  

n ige r  spores  are notably r e s i s t a n t ,  requi r ing  
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a c t i v a t i o n  i n  a i r ,  and 1,300 and 3,000 microwatts/sq cm-min f o r  

the same i n a c t i v a t i o n  when i r r a d i a t e d  on t h e  su r face  of a c u l t u r e  

medium. The high r e s i s t a n c e  o f ' A .  - n i g e r  spores  i s  a t t r i b u t e d  t o  

the  increase  i n  free r a d i c a l s  i n  t h e  spore melanin and darkening 

of melanin by u l t r a v i o l e t ,  

Woodward -_. e t  al. (152) s tud ied  t h e  in f luence  of water  on u l t r a -  

v i o l e t  s e n s i t i v i t y  i n  s e v e r a l  organisms. 

i r r a d i a t e d  d ry  y ie lded  about f i v e  times as many c o l o n i a l  mutants 

as conidia  irradiated i n  water .  Conidia were most s e n s i t i v e  t o  

Neurospora conid ia  

u l t r a v i o l e t  a t  o r  below 15 percent.  r e l a t i v e  humidity. Bacteriophage 

XP4 was e s p e c i a l l y  r e s i s t a n t  t o  u l t r a v i o l e t  a t  35 percent  r e l a t i v e  

humidity, bu t  i n  phage T3$ u l t r a v i o l e t  s e n s i t i v i t y  was d i r e c t l y  

propor t iona l  t o  t h e  degree of hydrat ion.  

Oxygen. 

Zetterberg (159) could no t  d e t e c t  any in f luence  of oxygen on 

mutagenic o r  k i l l i n g  a c t i o n  of u l t r a v i o l e t  l igh t ' exposure  on 

Ophiostoma. 

Oxygen p r o t e c t s  TI bacteriophage a g a i n s t  i r r a d i a t i o n  and 

hydrogen peroxide i n a c t i v a t i o n  (91). The le tha l  effect of hydrogen 

peroxide and u l t r a v i o l e t  a c t i n g  simultaneously was g r e a t e r  than 

t h e  a c t i v i t y  of each agent  a c t i n g  sepa ra t e ly .  

be requi red  f o r  pho to reac t iva t ion  i n  B a c i l l u s  s u b t i l i s  168 (164). 

Oxygen appears  t o  
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Poten t i a t ion  I_ of Thermal L e t h a l i t y .  

Duggar and Anderson (124) r epor t ed  t h a t  exposure of Saccharomyces 

c e r e v i s i a e  t o  u l t r a v i o l e t  l i g h t  followed by hea t  t reatment  a t  50 C 

i s  2-5 t i m e s  more l e t h a l  than if t h e  hea t  precedes u l t r a v i o l e t  

i r r a d i a t i o n  e 

Curran and Evans (76)  showed t h a t  spores  were more s u s c e p t i b l e  

t o  heat  a f t e r  exposure t o  u l t r a v i o l e t  l i g h t .  Bac i l l u s  cohaerens,  

t h e  most hea t  r e s i s t a n t  of t h r e e  organisms s t u d i e d ,  was most 

r e a d i l y  s e n s i t i z e d  t o  h e a t  by u l t r a v i o l e t .  Wavelengths i n  t he  350- 

1,600 A range were mor& e f f e c t i v e  than 2537 A i n  inducing hea t  

s e n s i t i z a t i o n  a t  98 C ,  

Doudney (155) deduced t h a t  RPaA and p ro te in  syn thes i s  during 

t h e  i n i t i a l  per iod of incubat ion fol lowing u l t r a v i o l e t  exposure 

i s  necessary f o r  b a c t e r i a l  recovery b u t  de t r imenta l  t o  subsequent 

recovery.  

Photoreac t iva t ion .  

Jaggar  (157) observed t h a t  Escherichia  - c o l i  B cel ls  exposed 

t o  l i g h t  of 3,100 t o  6,000 A p r i o r  t o  exposure t o  l o w  doses  of - 

2537 A u l t r a v i o l e t  l i g h t  were p a r t i a l l y  pro tec ted  from u l t r a v i o l e t .  

U l t r a v i o l e t - i n a c t i v a t e d  Endamoeba h i s t o l y t i c a  achieved 

maximum pho to reac t iva t ion  w i t h  a 45 min t reatment  w i t h  v i s ib le  

l i g h t  (156). Kelner  (164) descr ibed  experiments which i n d i c a t e d  

t h a t  Bac i l lu s  s u b t i l i s  168 r e q u i r e s  oxygen f o r  pho to reac t iva t ion  
I 
\ 



a f t e r  u l t r a v i o l e t  i r r a d i a t i o n .  

Modification - of  U l t r a v i o l e t  Resis tance,  

According t o  Webb and Clark (Pjl), success ive  u l t r a v i o l e t  

i r r a d i a t i o n  of Nocardia c o r a l l i n a  coccoids produced a s i g n i f i c a n t  

increase  i n  s e n s i t i v i t y .  

Adler and Hardigree (165) found t h a t  mutation a t  t he  - lon l ocus  

i n  Escherichia  c o l i  K - 1 2  r e s u l t s  i n  enhanced r a d i a t i o n  s e n s i t i v i t y  

and seve ra l  morphological changes. Another series of mutants (166) 

a r e  more s e n s i t i v e  than the  parent  s t r a i n  t o  u l t r a v i o l e t ,  and 

d i f f e r  from the - lon  mutant i n  s e v e r a l  cha rac t e r s .  

Nonlethal exposure t o  u l t r a v i o l e t  i s  known t o  produce 

s i g n i f i c a n t  numbers of mutants i n  some organisms. Mutational 

synergism has been shown by Shankel and Coupe (160) t o  g r e a t l y  

inc rease  the  number of mutants i n  Escherichia  c o l i  i r r a d i a t e d  

s u b l e t h a l l y  and then allowed t o  develop i n  t h e  presence of c a f f e i n e ,  

Alkal ine condi t ions  and incubat ion a t  37 OK 42 C favored t h e  

expression of  mutants.  

P 

U l t r a v i o l e t  r e s i s t a n c e  has been t r a n s f e r r e d  i n  mating s t r a i n s  

of Escherichia  - c o l i  (161) 

Payne and Campbell (162) determined t h a t  i r o n  can p r o t e c t  

Micrococcus v i o l a g a b r i e l l a e  from u l t r a v i o l e t  damage and poss ib ly  

permit recovery from such damage. Subsequently (163), they obta ined  
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evidence suggest ing t h a t  a cytochrome-linked e l e c t r o n  t r a n s f e r  

system was u l t r a v i o l e t  s e n s i t i v e .  

A method for d e t e c t i n g  u l t r a v i o l e t  damage producing r e s p i r a t o r y  

def ic iency  was descr ibed by Pittman and Roshanmanesh (154). 

Chemicals. 

B r u n i  (149) noted t h a t  u l t r a v i o l e t  a c t i v a t e d  the  oligodynamic 

a c t i o n  of s i l v e r .  

Assessment of absolu te  l e t h a l i t y  i n  any t reatment  involving 

u l t r a v i o l e t  should inc lude  a b r i e f  exposure of the  m a t e r i a l  OK 

organisms t o  v i s i b l e  l i g h t  so t h a t  r e p a i r a b l e  c e l l  damage can be 

detected.  
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THERMAL RESISTANCE, DESICCATION 

AND AEROSOLIZATION 

The thermal r e s i s t a n c e  of a microorganism is  inf luenced  by 

a l l  environmental condi t ions  i t  encounters i n  i t s  l i f e  h i s t o r y .  

Spores a r e  much more r e s i s t a n t  than v e g e t a t i v e  ce l l s ,  Some of t h e  

better" known f a c t o r s  which p lay  important r o l e s  i n  t h e  apparent  

hea t  r e s i s t a n c e  of a c u l t u r e  inc lude  the  composition of t h e  

spo ru la t ion  m e d i q ,  temperature during sporu la t ion ,  t he  spec ie s  

and p a r t i c u l a r  s t r a i n ,  t h e  age o f , t h e  spores ,  degree of  hydra t ion ,  

t h e  spore c a r r i e r ,  t he  gaseous atmosphere during hea t  r e s i s t a n c e  

s tudi 'es  i n  t h e  dry s t a t e ,  t he  composition of t h e  hea t ing  menstruum 

surrounding spores  heated i n  l i q u i d ,  the  requirement f o r  a c t i v a t i o n  

by h e a t  o r  chemicals t o  t r i g g e r  germination and break dormancy, 

t h e  composition of t h e  c u l t u r e  medium i n  v i a b i l i t y  s t u d i e s ,  and 

t h e  incubat ion  temperature.  Severa l  of these  determinants  of 

apparent  h e a t  r e s i s t a n c e  w i l l  be considered b r i e f l y .  S e n s i t i z a t i o n  

of organisms t o  hea t  by ion iz ing  and ul t raviolet  r a d i a t i o n s  is 

t r e a t e d  elsewhere i n  t h i s  r e p o r t .  

Thermal Resis tance 7 i n  pr,ll --.---- and Moist Environments.  

Bruch (168) reviewed the biological and phys ica l  factors i n  

dry h e a t  s t e r i l i z a t i o n .  He c i t e d  t h e  enhancing a c t i o n  of vacuum 

a g a i n s t  organisms exposed on s u r f a c e s ,  d i f f e r e n c e s  i n  t h e  o rde r  of  
si 
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s e n s i t i v i t y  of spores i n  

inf luence of moisture i n  

observed t h a t  s o l i d s  a r e  

severa l  hot gaseous atmospheres, and the  

the hot  gases  on spore r e s i s t ance .  H e  

d i f f i c u l t  t o  s t e r i l i z e  by dry heat .  The 

presence of p l a s t i c s  i n  space probes w i l l  make s t e r i l i z a t i o n  

d i f f i c u l t ,  

J a f f e  (169) noted t h a t  many spacecraf t  components a r e  damaged 

i n  24 hours at 135 C. Heat s t e r i l i z a t i o n  might be use fu l  i n  f l i g h t ,  

b u t  i t  would be d i f f i cu l t  t o  heat  a spacecraf t  uniformly and avoid 

in te r fe rence  with instrument ca l ib ra t ion .  

Bglehrddek (62) compiled a t ab le  of temperature c o e f f i c i e n t s  

of the r a t e  of i n ju ry  by heat  f o r  a number of spores  and bac te r i a .  

Over ‘the temperature range 120 - 135 C, dry Baci l lus  an th rac i s  

spores had a Q l o  value of 2,g. 

Koesterer and Bruch (69) compared the  r e s i s t ance  of dry spores 

of  Baci l lus  s u b t i l i s  var. niger  and - B. stearothermophilus s t r a i n  

1518 t o  des t ruc t ion  by moist  and dry heat .  S t e r i l i z a t i o n  of 

- 1-10 X 10 5 spores was accomplished i n  less than 5 min  f o r  B. 

s u b t i l i s  var. n i g e r  a t  110 C ,  and i n  20 min a t  121 C f o r  - B. 

stearothermophilus. - B. s u b t i l i s  var .  n iger  spores  w e r e  3.5 t o  5 

times more r e s i s t a n t  to dry hea t  than - B e  stearothermophilus spores ,  

The times required t o  kill 90 percent  of the  spores  a t  121 C were 

47.5 and 14.3 min,  and 1.6 and 0.3 m i n  a t  160 C respec t ive ly ,  

f o r  B, s u b t i l i s  var. a d .  e -  B. stearothermophilus.  
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Bruch, Koesterer  and Bruch (70) considered the  d r y  hea t  

r e s i s t a n c e  of spores  on s e v e r a l  c a r r i e r s .  

a t  development of d ry  neat cyc les  f o r  s t e r i l i z i n g  spacec ra f t  

This  r e sea rch  was aimed 

components. I n  experiments a t  125 C, t he  presence of s o i l ,  sand, 

and vermicul i te  increased  the  apparent hea t  r e s i s t a n c e  w e l l  beyond 

t h e  r e s i s t a n c e  of spores  on paper s t r i p s  o r  i n  t e s t  tubes.  

P h e i l ,  Nicnolas,  and Pflug (77) showed t h a t  the na tu re  of the  

dry gas  surrounding ce l l s  during heat ing in f luences  t h e  d e s t r u c t i o n  

race of Bacillus s u b t i l i s  spores,  Helium and ni rQgeIl Were less 

l e t h a l  than oxygen, a i r  and carbon dioxide.  

Wende and Burdon (66) inves t iga t ed  the  d ry  hea t  s t e r i l i z a t i o n  

of bonemeal contaminated wi th  Bac i l lu s  a n t h r a c i s  spores., Samples 

weighing 25 g were s t e r i l i z e d  a f t e r  60 m i n  z t . 1 6 0  C while  40 min 

s u f f i c e d  f o r  10 g samples. Morphological and tox igenic  v a r i a n t s  

increased w i t h  the  degree of hea t  exposure. 

Zampach (64) s t e r i l i z e d  p l a s t i c  bands of a microbia l  a i r  

sampling device  w i t h  d ry  hea t  a t  140 C i n  3 hr,  A revolving 

drum was s t e r i l i z e d  by means of an a n t i s e p t i c  such a s  mercury 

phenylborate.  

Davis,  -- e t  a l .  (71, 81, 187) observed that  spores  va r i ed  i n  

r e s i s t a n c e  t o  moderate temperatures i n  u l t r a h i g h  vacuum, Viable 
CY 

Asperg i l lus  n i g e r  spores  were recovered a f t e r  4-5 days i n  u l t r a h i g h  

vacuum a t  107 C ,  bu t  none were v i a b l e  a t  120 C, - B. s u b t i l i s  v a r ,  
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n i g e r  spores  d i d  no t  surv ive  90 C i n  vacuum, b u t  s i g n i f i c a n t  

numbers were recovered i n  experiments conducted f o r  5 and 7 days 

a t  90 C and atmospheric p re s su re .  

Henderson and Dinning ( 7 3 )  obta ined  0.1-1 percent  s u r v i v a l  of  

d r y  Asperg i l lus  n i g e r  spores  a f t e r  3 h r  a t  100 C .  When the spores  

w e r e  suspended i n  wa te r ,  only 0.00001 percent  were recovered a f t e r  

1 h r  a t  100 C.  Spores i n  d e u t e r i m  oxide were 1,000 t o  10,000 t imes  

more r e s i s t a n t  than spores  i n  wa te r .  

An excep t iona l ly  h e a t  r e s i s t a n t  B a c i l l u s  s u b t i l i s  was i ' so la ted  
- 

' b y  I y e r  and Bhat : ( 6 3 )  from Bombay a i r .  Survivors  were observed 

a f t e r  60 min a t  120 C i n  aqueous suspensions conta in ing  lo5 spores .  

Sporu la t ion  Environment - and Thermal Res is tance .  

The thermal  resistance of  B a c i l l u s  coagulans spores  was found 

by Lechowich and Ordal  (67) t o  i n c r e a s e  w i t h  increased  s p o r u l a t i o n  

temperature.  The c a t i o n  c o n t e n t s  of these  spore  c rops  were s i m i l a r ,  

b u t  t h e  d i p i c o l i n i c  acid con ten t  decreased as  the  s p o r u l a t i o n  

temperature increased .  

T a l l e n t i r e  and Chiori (109) w e r e  able t o  double h e a t  r e s i s t a n c e  

i n  B a c i l l u s  m e g a t e r i m  spores  produced i n  an Mn-Ca-Mg medium 

i n s t e a d  of an  Mg-Fe medium. 

Spore Ac t iva t ion  - and Determination - of V i a b i l i t y .  

The environmental  

germination are  poor ly  

and n u t r i t i o n a l  requirements  f o r  spore  

def ined .  Heating spores  a t  temperatures  
F 
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usual ly  considered l e t h a l  f o r  vege ta t ive  c e l l s  i s  o f t e n  necessary 

t o  achieve maximal colony counts  under 'normal' incubat ion 

condi t ions.  T.hese ' h e a t  shock'  temperature-time r e l a t i o n s h i p s  

a r e  q u i t e  a r b i t r a r y ,  and t h e r e  i s  no assurance of q u a n t i t a t i v e  

recovery of a l l  v i a b l e  spores .  It i s  poss ib l e  t h a t  stresses 

imposed on an organism undergoing s u b l e t h a l  hea t ing  o r  s u b l e t h a l  

i r r a d i a t i o n  a l t e r  t he  normal metabol ic  and growth p a t t e r n s  so  

- 

t h a t  a l though the  spore i s  v i a b l e ,  the environment i s  .not  conducive 

f o r  p r o l i f e r a t i o n .  

An organism exposed t o  a combined t reatment  w i t h  two agents  
r 

might be more r e f r a c t o r y  than under a s i n g l e  environmental  stress. 

Other s e c t i o n s  of t he  r e p o r t  i l l u s t r a t e  the  r e v e r s i b i l i t y  of 

apparent l e t h a l i t y  by agen t s  seemingly unre la ted  t o  one o r  more 

damaging phys ica l  o r  chemical s t e r i l a n t .  Severa l  c i t a t i o n s  

serve  t o  i l l u s t r a t e  the  problems encountered i n  a s ses s ing  microbia l  

s u r v i v a l .  

Segner (74) obtained a 

Bac i l lu s  s tearothermophilus  

t e n f o l d  increase  i n  v i a b l e  count when 

spores  were heated t o  120 C and cooled,  
0 

compared w i t h  counts  a f t e r  hea t  a c t i v a t i o n  a t  100 C.  

Graikoski  and Kempe (86) found t h a t  a c t i v a t i o n  of dormant 

Clostridium botulinum Type E spores  heated i n  n e u t r a l  b u f f e r  

occurred during 40-60 m i n  hea t ing  a t  70 and 75 C although s i g n i f i c a n t  
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numbers of spores  w e r e  k i l l e d  i n  20 min. Survivors were obtained 

a f t e r  hea t ing  f o r  60 min a t  90 C. 

Thermal r e s i s t a n c e  of spores  heated i n  suspension can depend 

on the  bu f fe r  composition and pH ( 8 0 ) e  

The composition of c u l t u r e  media f o r  hea t - t rea ted  b a c t e r i a  

can inf luence  the  apparent  s u r v i v a l .  Low Cow concent ra t ions  i n -  

c rease  s u r v i v a l  of s u b l e t h a l l y  heated nonsporulating b a c t e r i a  five- 

to- tenfo ld ,  while  Cu++ i s  i n h i b i t o r y  (82) @ 

The h ighes t  growth temperatures confirmed f o r  microorganisms 

a r e  72-75 C (85). 

A mesophile resembling B a c i l l u s  m e g a t e r i m  was a b l e  t o  grow 

a t  65 C i n  a s s o c i a t i o n  w i t h  a thermophile resembling - B. s tearothenno-  

p h i l u s  (83). 

a s o i l  organism t h a t  grows w e l l  a t  25 C, would grow a t  30 and 37 C 

Johnson and Chan (78) found t h a t  Arthrobacter  gfobi formis ,  

only i n  the  presence of another  organism which could grow a t  t hese  

temperatures.  It would be i n t e r e s t i n g  t o  determine whether 

presumably s t e r i l e  su r faces  do indeed harbor  v i a b l e  organisms which 

r e q u i r e  commensal a s s o c i a t i o n  t o  grow a t  usua l  incubat ion temperatures.  

The longevi ty  of anaerobic  sporeformers was repor ted  by 

Haynes and Rhodes (56) t o  exceed 13 yea r s  i n  l y o p h i l  p repa ra t ions  

and 20 yea r s  i n  s o i l .  
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Microbial' Aerosols. 

Levin and C a b e l l i  (53) repor ted  t h a t  germination o f  Bac i l lu s  

s u b t i l i s  var .  n ige r  spores  occurred i n  the processes  of  a e r o s o l i z a t i o n  

and c o l l e c t i o n  i n  l i q u i d  impingers. Gemina t ion  was dependent on 

oxygen and independent of exogenous n u t r i e n t s ,  The spores  

c o l l e c t e d  had increased  heat  s u s c e p t i b i l i t y .  

C a b e l l i  (51) and Hayes and C a b e l l i  (58) a t t r i b u t e d  loss  i n  

Pas t eu re l l a  t u l a r e n s i s  ce l l  v i a b i l i t y  t o  the  a l t e r e d  permeabi l i ty  

r e s u l t i n g  from aerosolization and rehydrat ion.  

Hatch and Dimmick (57) r e l a t e d  the  dea th  r a t e  of microorganisms 

aerosol ized  a t  var ious  r e l a t i v e  humidi t ies  t o  an inbalance i n  

metabolic func t ion  p r i o r  t o  a e r o s o l i z a t i o n .  

Greene (79) exposed ae roso l s  of lyoph i l i zed  Se r raz i a  marcescens 

and Bac i l lu s  s u b t i l i s  var .  n ige r  spores  i n  a wind t u n n e l  t o  

temperatures ranging from 75-200 C f o r  about one sec. - S .  marcescens 

requi red  exposures of 150 C f o r  1.68 sec t o  170 C f o r  0.5 sec  f o r  

99.9 percent  k i l l .  Exposures of 160 C f o r  1.68 sec t o  200 C f o r  

0.5 sec were necessary f o r  50 p e r c e n t 4 n a c t i v a t i o n  of - B. s u b t i l i s  

v a r .  n i g e r  spores .  P r o t e c t i v e  effects were noted when t h e  

lyoph i l i zed  suspensions were coa ted  w i t h  c o l l o i d a l  s i l ica  powder 

before  a e r o s o l i z a t i o n .  



CHEMICAL STERILIZATION 

The s t e r i l i z i n g  e f f i c i e n c y  of chemical s t e r i l a n t s  depends t o  

a g r e a t  e x t e n t  on environmental  f a c t o r s .  Opfe l l  (27) has given 

c a r e f u l  cons idera t ion  t o  t h e  a p p l i c a t i o n  of chemicals i n  space- 

c r a f t  s t e r i l i z a t i o n .  H e  noted t h a t  chemicals should be considered 

only i f  phys ica l  agents  such a s  hea t  and r a d i a t i o n  a r e  not  compatible 

w i t h  spacec ra f t  components. Fac to r s  l i m i t i n g  s t e r i l a n t  e f f i c i e n c y  
f- 

were discussed.  Recoxxiendations were made f o r  improving t h e  

r e l i a b i l i t y  of s t e r i l i z a t i o n  processes .  

Cheinicals can r e a d i l y  p a s t e u r i z e  s o i l  ( 3 0 ) ,  but s t e r i l i z a t i o n  

of s o i l  i s  d i f f i c u l t  t o  achieve.  Formaldehyde i s  the  b e s t  agent  

o t h e r  than steam f o r  r e t a i n i n g  s o i l  p r o p e r t i e s .  A formaldehyde- 

steam s t e r i l i z a t i o n  process  has been descr ibed (35). 

Gaseous S t e r i l a n t s .  

A u s e f u l  review of e thylene  oxide s t e r i l i z a t i o n  procedures 

was compiled by S t i e r l i ,  Reed and B i l l i c k  (43) .  Bruch (Annual 

Review of Microbiology, v. 15, pp. 245-262, 1961) reviewed bllological 

a c t i o n  of gaseous s t e r i l a n t s  and d iscussed  numerous medical ,  

a g r i c u l t u r a l  and i n d u s t r i a l  a p p l i c a t i o n s  of gaseous s t e r i l i z a t i o n .  

J a f f e  (169) observed t h a t  e thylene  oxide gas  i s  compatible 

wi th  most spacec ra f t  components, bu t  pene t r a t ion  is l i m i t e d ,  On 

r e l a t i n g  populat ion reduct ion f a c t o r s  w i t h  e thylene  oxide k i l l  
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curves ,  J a f f e  concluded t h a t  t h e r e  i s  i n s u f f i c i e n t  evidence t o  

show t h a t  e thylene  oxide can produce high p r o b a b i l i t i e s  of  s t e r i l i t y  

i n  spacec ra f t  a p p l i c a t i o n s ,  

Tess le r  (40)  found t h a t  s eve ra l  p l a s t i c s  a r e  damaged by gas  

s t e r i l i z a t i o n ,  and recommended t h a t  the s t a b i l i t y  of p l a s t i c s  be 

determined under condi t ions  which would i n d i c a t e  g ross  damage. 

Pan and Gast (39) descr ibed a procedure f o r  determining the  

an t imic rob ia l  a c t i v i t y  of gases.  Their technique may be s u i t a b l e  

f o r  confirming the  r e l i a b i l i t y  of a gas s t e r i l i z a t i o n  process  

considered f o r  s p a c e c r a f t  assembly, and in te rmedia te  o r  te rmina l  

s t e r i l i z a t i o n .  

A method f o r  s t e r i l i z i n g  and p ro tec t ing  s u r g i c a l  i n s t r u m e n t s  

from recontamination was developed by Montgomery and N o r e l l i  (49)  

a s  a space-or iented technique. The i n s t r u m e n t s  a r e  dipped i n t o  an 

e thylene  oxide- l iqu id  p l a s t i c  mixture which subsequently forms a 

s o l i d  polymer f i l m  r e t a i n i n g  r e s i d u a l  e thylene oxide.  

Opfe l l  7 -  e t  a l .  (42)  concluded t h a t  convection w a s  necessary a s  

w e l l  a s  d i f f u s i o n  f o r  a gas  t o  reach  s t e r i l i z i n g  l e v e l s  a t  a remote 

su r face  i n  a confined space.  

Humidity - and Temperature. 

and the  concent ra t ion  of t h e  gaseous s t e r i l a n t  a r e  prime cons ide ra t ions  

The i n t e r p l a y  of humidity and temperature 

i n  any gaseous s t e r i l i z a t i o n  process.  These parameters a r e  important 

f o r  s i n g l e  gases and for m i x t u r e s  of gases  such a s  e thylene  oxide 



r 
-35- 

and propylene oxide o r  e thylene oxide and methylene bromide (37, 

Bomar ( 4 1 )  showed t h a t  d r i e d  Bac i l lu s  s u b t i l i s  spores  s t o r e d  

f o r  8- 1 4  days had f a r  g r e a t e r  r e s i s t a n c e  t o  e thylene oxide than 

0-4 day-old prepara t ions .  

E l - B i s i  and h i s  a s s o c i a t e s  (45-47) s tud ied  the  in f luence  of 

mois ture ,  h u a i d i t y  and temperature on e thylene  oxide s t e r i l i z a t i o n .  

Brown and Fuers t  (44)  demonstrated t h a t  more than 24 hours 

were requi red  a t  37 C t o  k i l l  l a r g e  inocula  of Aerobacter aerogenes,  

Escherichia  - 9  c o l i  Bac i l l u s  megaterium bacteriophage, and a y e a s t  

i n  1 percent  e thylene oxide a t  60-80 percent  r e l a t i v e  humidity., 

e P h i l l i p s  (34)  repor ted  t h a t  t he  l e t h a l i t y  of 

s e v e r a l  gas  phase and l i q u i d  phase germicides i s  enhanced by 

ion iz ing  r a d i a t i o n .  A p o t e n t i a l l y  u s e f u l  s t e r i l i z i n g  t reatment  

combined e thylene  oxide and 100,000 r a d  o r  less ion iz ing  r a d i a t i o n .  

Liquid S t e r i l a n t s .  

J a f f e  (169) discussed l i m i t a t i o n s  of  l i q u i d  s t e r i l a n t s ,  and 

c i t e d  a number of  f a c t o r s  which in f luence  t h e i r  e f f e c t i v e n e s s .  A 

d i scuss ion  o f  spacec ra f t  assembly techniques considered the chance 

of  contamination under c l ean  room condi t ions .  

Wi l la rd  and Alexander (48) incorpora ted  formaldehyde i n  a 

Surveyor thermal c o n t r o l  coa t ing  which cannot be gas steri l ized. 

This coating, however, did not always s te r i l i ze  t h e  surface i n  



c o n t a c t  . 
Beta-propiolactone (BPL) i s  an e f f i c i e n t  l i q u i d  and vapor 

phase s t e r i l a n t  (24-26). 

and p l a s t i c s  (25) b u t  hydrolyzes i n  water t o  harmless substances. 

LoGrippo and Hartman (26)  found less BPL and u l t r a v i o l e t  were 

requi red  toge ther  f o r  v i r u c i d a l  a c t i o n  than each agent  i nd iv idua l ly .  

Pe race t i c  a c i d  i s  a useful su r face  s t e r i l a n t  (29) t h a t  has been 

The chemical w i l l  corrode c e r t a i n  meta ls  

used i n  conjunct ion w i t h  an ionic  detergent. 

(36) observed t he  s u p e r i o r i t y  of ozone over c h l o r i n e  dioxide and 

hypochlor i te  as germicides.  The s p o r i c i d a l  a c t i o n  of a l coho l  i s  

heightened by any of s e v e r a l  a c i d s  and bases  (32).  

(27, 33, 145) note  the  importance of temperature c o n t r o l  i n  t h e  

u s e  of germicides.  

Miscellaneous Chemical Applicat ions.  

Wuhrmann and Meyrath 

Severa l  r e p o r t s  

An electr ic  c u r r e n t  was found by Rechmenskii (59) t o  a c t i v a t e  

t h e  s t e r i l i z i n g  a c t i o n  of mercury compounds on Bac i l lu s  a n t h r a c i s  

spores so t h a t  less  time o r  a lower concent ra t ion  of t h e  agent  

was required, 

Fungi i n  cool ing tower wood were k i l l e d  i n  2 h r  a t  145-160 F 

(63-71 C )  (68). A phenolic bactericide waq then c r y s t a l l i z e d  on 

the s t e r i l i z e d  wood to retard future attack,  
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ELECTRIC. AND MAGNETIC FIELDS 

E l e c t r i c  F i e l d s ,  The va r ious  r a d i a t i o n s  i n  t h e  electromagnetic 

spectrum a f f e c t  l i v i n g  organisms q u i t e  d i f f e r e n t l y ,  The energy 

i s  propor t iona l  t o  t h e  frequency, and i s  s u f f i c i e n t  to produce 

ion iza t ion  a t  t h e  frequency of  X-rays, and t h e  v i s i b l e  po r t ions  

of  the spectrum. The energy i s  much too l o w  t o  produce i o n i z a t i o n  

i n  the lower radiofrequency megacycle and microwave ranges.  A t  

these  f requencies  t h e  primary effect: observed i s  heat ing a t t r i b u t e d  

t o  the r e s i s t a n c e  of  t he  electromagnet ic  wave passing through a 

"lossy" d i e l e c t r i c .  Radiofrequency absorbing m a t e r i a l  conver t s  

t he  absorbed energy i n t o  heat .  There i s  evidence f o r  nonthennal 

e f f e c t s  of r a d i o  waves which a r e  a s  y e t  undefined. It i s  poss ib l e ,  

f o r  example, t o  achieve g ross  k i l l i n g  and mutation e f f e c t s  w i t h  

equipment which p u l s e s  t h e  r a d i o  waves so t h a t  no measurable 

temperature change i s  de tec ted .  These experiments a r e  e s p e c i a l l y  

i n t e r e s t i n g  because the  energy i s  app l i ed  f o r  t o t a l  exposures of 

seconds o r  minutes a t  low power, 

There i s  a cons iderable  l i t e r a t u r e  on b i o l o g i c a l  effects of  

radiofrequency energy, b u t  i t  is d i f f i c u l t  t o  reproduce experiments 

i n  seve ra l  l a b o r a t o r i e s  because of  t h e  v a r i a b l e s  a s soc ia t ed  w i t h  

the  equipment and experimental  condi t ions .  Radiofrequency equip- 



-38- 

ment m u s t  be designed f o r  a p a r t i c u l a r  a p p l i c a t i o n ,  and i s  

gene ra l ly  no t  a v a i l a b l e  as  an of f - the-she l f  commodity. There i s  

good evidence t h a t  k i l l i n g  of microorganisms i s  frequency s p e c i f i c  

w i th in  a narrow band. Thus condi t ions  shown t o  k i l l  a l l  

Salmonella senftenberg i n  cocoanut meat do not  i n j u r e  b a c t e r i a l  

spores .  

Ark and Parry (172) reviewed the  pre-1940 l i t e r a t u r e  on 

b i o l o g i c a l  e f f e c t s  of  high frequency o s c i l l a t i n g  f i e l d s .  They 

c a l l e d  a t t e n t i o n  t o  the  s p e c i f i c  frequency requirements f o r  

k i l l i n g  var ious  b a c t e r i a  and fungi .  Erwinia carotovora suspended 

i n  an e l e c t r o l y t e  was k i l l e d  r a p i d l y  a t  10.4 meters but was no t  

k i l l e d  i n  t h e  dry s t a t e  a t  t h i s  wavelength. 

wavelength of 5.6 meters a g a i n s t  s e v e r a l  fungi  began when the  

Lethal  effects  of  a 

temperature reached 30-40 C. This temperature range was no t  

l e t h a l  i n  t h e  absence of a f i e l d .  

Nyrop (173) summarized t h e  r e s u l t s  of a series of i n v e s t i g a t i o n s  

i n  which the s p e c i f i c  effects o f  e l e c t r i c  f i e l d  wi th  minimal hea t -  

ing  were explored. These experiments were a t  20 m c .  Bac ter ia  . 

and v i r u s  were k i l led  i n  exposures of 10 sec o r  less. Unfortunately,  

Nyrop d ied  without  prepar ing  d e t a i l e d  r e p o r t s ,  and none o f  h i s  

experiments w i l l  be publ ished o t h e r  than t h e  s i n g l e  c i t a t i o n .  

Although pene t r a t ion  and s c a t t e r i n g  i s  a func t ion  of each 



-39 - 

frequency, Kosikowsky, Herr ington,  and Dahlberg (174) r a i s e d  the  

temperature of  a 1.3 l b  block of cheese t o  117-155 F (47-68 C )  

wi th in  1.5-2.7 min by means of  an o s c i l l a t o r  opera t ing  a t  150 m c  

a t  a poss ib l e  power output  of 750 w. The b.acter ia1 count was 

g r e a t l y  reduced by t h i s  t rea tment ,  

Jacobs,  Thorraley, and Maurice (175) recognized the  v a r i a b l e s  

a s soc ia t ed  wi th  any a p p l i c a t i o h  of megacycle range rf a s  a 

b a c t e r i c i d a l  agent ,  b u t  d i d  not  exclude the  p o s s i b i l i t y  t h a t  

marked effects might be obtained a t  highly critical. frequencies. 

These workers considered the  b a c t e r i a l  c e l l  as a complex of 

molecules bear ing unequally d i s t r i b u t e d  e l e c t r i c a l  cha rgeso  

r a p i d l y  a l t e r n a t i n g  e lectr ic  f i e l d  of h igh  p o t e n t i a l  gradient:  

A 

might d i s r u p t  an e s s e n t i a l  molecule a t  a weak bond. 

imposed by t h e  f requencies  and power i n  t h e i r  experiments,  t he  

Limi ta t ions  

e l e c t r o d e  arrangement, and f a i l u r e  t o  induce highJ m o r t a l i t i e s ,  

l e d  t h i s  group t o  conclude t h a t  i t  i s  un l ike ly  t h a t  t h i s  technique 

w i l l  have any p r a c t i c a l  a p p l i c a t i o n  i n  s t e r i l i z a t i o n  o t h e r  than 

providing uniform hea t ing .  

King (177) showed t h a t  microwave hea t ing  a t  2450 m c  followed 

by ion iz ing  i r r a d i a t i o n  i n a c t i v a t e d  p r o t e o l y t i c  enzymes i n  meat,  

y i e l d i n g  a product of good q u a l i t y .  Radiat ion s t e r i l g z a t i o n  

processes  o r d i n a r i l y  r e q u i r e  considerably h igher  doses for enzyme 
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i n a c t i v a t i o n  than a r e  requi red  f o r  mic rob ia l  i n a c t i v a t i o n .  The 

food product then be o rgano lep t i ca l ly  unacceptable e 

Grecz, Walker, and Ane l l i s  (179) found t h a t  microwave hea t ing  

a t  2450 mc i n  a cons t an t  temperature device was c o n s i s t e n t l y  much 

more l e t h a l  t o  Clostridium sporogenes PA 3679 spores  i n  b u f f e r  a t  

85, 95, and 100 C than conventional hea t ing .  Microwave t reatment  

of  dry spores  d id  no t  in f luence  v i a b i l i t y .  

gamma rays  s i g n i f i c a n t l y  decreased spore r e s i s t a n c e  t o  h e a t  and 

A dose of  0.4 Mrad 

t o  a g r e a t e r  degree t o  microwave hea t .  Radiat ion r e s i s t a n c e  was 

only s l i g h t l y  affecteQ i f  microwave o r  convent ional  hea t  preceded 

t h e  i r r a d i a t i o n o  

Heinmets and Herschman (178) i n d i c a t e d  t h a t  i t  is  d i f f i c u l t  

t o  ob ta in  uniform f i e l d s  i n  experiments w i t h  combined magnetic 

and e lectr ic  f i e l d s .  They pos tu l a t ed  t h a t  combined f i e l d s  would 

no t  n e c e s s a r i l y  k i l l  ce l l s  d i r e c t l y ,  but  would cause abnormal c e l l  

growth which might l ead  t o  c e l l  dea th .  The g r e a t e s t  a c t i v i t y  of 

combined f i e l d s  would occur when electric and magnetic f i e l d s  of  

a t r a v e l l i n g  wave a r e  i n  phase' and perpendicular  t o  each o the r .  

Dielectric hea t ing  of t h e  medium OK the  o b j e c t  OCCUKS. 

views r e l a t e  t o  p a r t i c l e s  i n  l i q u i d .  

These 

The 20-30 m c  range has  been determined by John Heller and 

h i s  associates a t  t h e  New England I n s t i t u t e  f o r  Medical Research 
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Ridgef ie ld ,  Connecticut t o  be b a c t e r i c i d a l .  Pulsed rf experiments 

performed a t  Ridgef ie ld  by personnel of t h e  Research Labora tor ies ,  

Wilmot Cas t l e  Company, showed t h a t  b a c t e r i a  w e r e  k i l l e d  on a 

v a r i e t y  of o b j e c t s  but none of the  experimental  condi t ions  

accomplished s t e r i l i z a t i o n .  The power requirements f o r  rf s t u d i e s  

a r e  q u i t e  low, but a complex i n t e r a c t i o n  of s e v e r a l  v a r i a b l e s  

p re sen t s  t h e  g r e a t e s t  b a r r i e r  l i m i t i n g  an ordes ly 'exper imenta l  

program. 'These v a r i a b l e s  include frequency, f i e l d  s t r e n g t h  

(vol tage ) , pulse  width ( i f  not continuous wave) r e p e t i t i o n  r a t e  

and t o t a l  time i n  t he  f i e l d .  It i s  l i k e l y  t h a t  a system i n  which 

rf and moderate hea t  were appl ied  simultaneously would be most 

e f f e c t i v e  since s l i g h t  heat ing seems t o  enhance the  rf e f f e c t ,  

A continuous wave process  r a t h e r  than a pulsed system might be 

use fu l  i f  hea t ing  can be t o l e r a t e d .  

Heller has demonstrated (unpublished) t h a t  rf s t e r i l i z e d  

semiconductors which had microbia l  contamination without  a f f e c t i n g  

performance of t h e  component. I n  any ex tens ion  of t h i s  work, how- 

eve r ,  i t  w i l l  be necessary t o  manipulate t h e  exposure condi t ions  

t o  determine the  appropr i a t e  system which w i l l  avoid any p o s s i b i l i t y  

of damage due t o  excessive rf energy. Perhaps the  primary l i m i t a t i o n  

of rf i n  any spacec ra f t  a p p l i c a t i o n  would be t h e  m e t a l l i c  elements 

i n  e l e c t r o n i c  devices .  Metals provide t o t a l  s h i e l d i n g  t o  rf so  

tha t  the f i e l d  becomes d i s t o r t e d  and the  meta l  hea t s  up. Most 



plastics are transparent to rg and would be good candidates for 

an rf study. It should be possible to sterilize certain space- 

craft components and subsystems nonthermally with rf prior to final 

assembly. Transistors and diodes would probably be less reliable 

after an rf treatment at high field strength. In an extension of 

this concept, it may be possible to sterilize the spacecraft 

exterior prior to launch or after returning from an extraterrestrial 

mission by imposing a symmetrical field around the spacecraft. 

Magnetic Fields. 

sterilization. Growth inhibition has been noted in cultures 

maintained'in magnetic fields, but several species have been 

unaffected by conditions which influence the growth rate of other 

Magnetic fields do not appear to be useful in 

organisms. 

necessary to demonstrate significant inhibition. 

Exposures of long duration to strong fields seem 

All reports 

cited concern cultures in suspension. The response of organisms 

in anhydrous environments or under conditions in which the cells 

are immobilized does not appear to have been investigated. 

is probable that inductive effects of magnetic field? would 

It 

adversely affect diodes and other components. 

Halpern and Greene (61) did not find any magnetic field 

effect on HeLa cells, Beischer (180) employed a much stronger 

field (140,000 Oe) but could not detect mutants in Neurospora 



-43- 

c r a s sa  conidia  i n  a 2-hr exposure. The l i g h t  emission from 

Photobacterium f i s c h e r i  was not  changed a f t e r  1-hr i n  t h i s  f i e l d .  

Gerencser,  Barnothy and Barnothy (181) s tud ied  b a c t e r i a l  

growth. i n  magnetic f i e l d s .  S e r r a t i a  marcescens c u l t u r e s  i n  a 

f i e l d  averaging l5,OOO O e  had the  same growth r a t e  and c e l l  

numbers a s  c o n t r o l  c u l t u r e s  f o r  up t o  6 h r .  

then increased a t  a slower r a t e  f o r  s e v e r a l  hours but  then i n -  

The magnet c u l t u r e s  

creased a t  a g r e a t e r  r a t e  than the c o n t r o l  so  t h a t  a f t e r  10 h r  

t h e  magnet c u l t u r e  surpassed the  c o n t r o l . .  Staphylococcus aureus 

magnet c u l t u r e s  had an e a r l y  per iod of more r a p i d  growth than t h e  

c o n t r o l ,  Growth i n h i b i t i o n  then occurred f o r  s eve ra l  hours ,  bu t  

magnet and c o n t r o l  c u l t u r e s  were equiva len t  a t  the  9 t h  h r .  

Hedrick (182) a l s o  observed growth i n h i b i t i o n  i n  magnetic 

f i e l d  c u l t u r e s .  Staphylococcus aureus exposed t o  a 14,000 O e  

homogeneous f i e l d  and c o n t r o l  c u l t u r e s  were s i m i l a r  f o r  15 h r .  
7 

I n h i b i t i o n  of growth i n  the  f i e l d  was noted a t  t he  16th  h r  and 

continued u n t i l  t h e  end of t he  24 h r  exposure when t h e  p l a t e  

count was about  o n e - f i f t h  t h a i  of t h e  control. 

n o t  occur i f  t h e  homogeneous f i e l d  was i n t e r r u p t e d  hourly f o r  

I n h i b i t i o n  d i d  

3 sec. 

population d i f f e r e n c e s  i n  s i m i l a r  experiments.  

Nei ther  Sarcina l u t e a  nor  Escherichia  __I_ c o l i  showed ce l l  
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ULTRASONICS 
V 

Ul t ra son ic  energy i s  o r d i n a r i l y  t r a n s f e r r e d  through a l i q u i d  

t o  the  o b j e c t  being t r e a t e d ,  

i s  produced a t  f requencies  of 20,000 and 800,000 cps a t  submicron 

amplitudes i n  s e v e r a l  commercial son ica to r s .  Violent  pressure  

changes i n  t h e  l i q u i d  d i s r u p t  ce l l s  and break molecular bonds. 

An acous t i c  wave of high i n t e n s i t y  

Although son ica t ion  i s  no t  u se fu l  f o r  i n t e r n a l  treatment of 

s o l i d  o b j e c t s ,  Ney (122) and Dharkar (133) found t h a t  son ica t ion  

enhanced t h e  k i l l i n g  effect  of i on iz ing  r a d i a t i o n  even under 

sonica t ion  condi t ions  which were n o t  l e t h a l .  L i c c i a r d e l l o  (186) 

noted'  t h a t  i on iz ing  r a d i a t i o n  has been coupled wi th  u l t r a s o n i c  

energy i n  a t tempt ing  t o  improve t h e  q u a l i t y  of r a d i a t i o n  s t e r i l i z e d  

foods by lowering t h e  r a d i a t i o n  dose.  Heat and r a d i a t i o n  seemed 

t o  be a more promising system, 

D a l z e l l  -- e t  a l .  (183) found Micrococcus pyogenes var .  aureus 

t o  be more r e s i s t a n t  t o  son ica t ion  than Escherichia  _I_ c o l i .  

effects were independent of temperature i n  t h e  range 15-45 C. 

Letha l  

Wilson and C u r t i s  (184) descr ibed  u l t r a s o n i c  r a d i a t i o n  effects 

on 'yeast and mammalian t issues.  

B e r l i n e r  and La Rochelle (185) could no t  d e t e c t  c e l l  damage 

i n  the . luminescent  fungus Armi l la r ia  r-zllea a f te r  1 sec t o  10 min 



exposure t o  20,000 cps b u t  l i g h t  einission increased up t o  400 

percent  i n  s e v e r a l  exposures.  

Small modules components which a r e  s e n s i t i v e  t o  h e a t  

r a d i a t i o n ,  o r  gaseous s t e r i l a n t s  could be sur face  s t e r i l i z e d  i n  a 

s h o r t  t i m e  by u l t r a s o n i c  energy. It i s  l i k e l y  t h a t  mild son ica t ion  

would promote the  e f f i c i e n c y  of a l i q u i d  s t e r i l a n t  so  t h a t  su r f ace  

s t e r i l i z a t i o n  t i m e  could be reduced. A b r i e f  research  s tudy would 

be necessary t o  confirm t h i s  view. A system u t i l i z i n g  u l t r a s o n i c s  

and a germicide might prove acceptab le  f o r  s t e r i l i z i n g  t h e  e x t e r i o r  

of a quarantined spacec ra f t .  The higher  f requencies  a r e  probably 

most e f f i c i e n t .  Sonication may be h e l p f u l  i n  destroying f e c a l  

microorganisms i n  a l i f e  support  system involving reclamation 03 

water  o r  n u t r i e n t s  i n  f eces  ( 1 2 ) .  

J 



KEY TO TOPICAL INEXRELATIONS 

AMONG ABSTRACT ENTRIES 

A cross- index has been prepzred t o  s impl i fy  s e l e c t i o n  of 

a b s t r a c t  e n t r i e s  which concern combined methods of s t e r i l i z a t i o n .  

The index c o n s i s t s  of a c h a r t  i n  which the a b s t r a c t  e n t r i e s  l i s t e d  

a t  the  i n t e r s e c t i o n  of h o r i z o n t a l  and v e r t i c a l  columns r e l a t e  t o  

both top ic s .  E n t r i e s  which include s i g n i f i c a n t  \ information on a 

s i n g l e  t o p i c  may be found a t  t h e  i n t e r s e c t i o n  of columns headed 

by the  t o p i c .  This key w i l l  supplement the  s u b j e c t  index. 

The top ic s  included i n  t h i s  key a r e :  
/ .  

Chemicals Magnetic F i e l d s  

Cold Shock 

Desiccation Spacecraf t  and Equipment 

Electric F ie lds  

Gas S t e r i l i z a t i o n  

Gaseous Atmosphere 

Heat 

Ioniz ing  Radiat ions 

Steam 

U 1  t r a s o n i c s  

U l t r a v i o l e t  Radiation 

Vacuum 

V i s i b l e  Light  
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TO .L?,‘OXl COST.tLiINATIOS GF E X T R A E R X S X I A L  SODIES 

Sc ience ,  v. 128, p ~ .  837-889, 1958 

rn?  ne X a t i o m l  +:.;Gb~.:.;, oL S c i z r ~ z e s  or‘ C;;C Li’Aixd S t a t e s  i s  

deeply concerned w i t h  t h e  dangers o f  contaa lna t ing  e x t r a -  

terrzstzlzl bodLes n c : ~  zk: - s i a c e  explora t ion  i s  a more 

i m e d i a t e  p o s s i b i l i t y .  D.t the urgFr,g or‘ t h e  NAS, t h e  

I n t e r n a t i o n a l  Council  of , c ’_zn t l f i c  Gnions has  e s t a b l i s h e d  

(1958) a Connit tee  on Coiicar.,inztion by E x t r a t e r r e s t r i a l  

Explorat ion (CETEX) . CETEX i s  concerned w i t h  contamination 

of l una r  o r  p l a n e t a r y  bodies  w i t h  microorganisms, 

r a d i o a c t i v i t y ,  cherniczls 12 l a r g e  arnouilts, and e a r t h l y  

macromolecules. Therefore ,  CETEX wl,L endeavour to d r a f t  

a code of conduct f o r  i n t e r n a t i o n a l  space i n v e s t i g a t i o n s  

without  de lay .  



2. STERILIZATION OF INTERPLSLNETARY VEHICLES 

Phillips, C. R., Hoffman, R, K .  

Science, v. 132, pp. 991-995, 1960 

Contamination of the moon and planets by earthly micro- 

osganisms is possible unless stringent sterilization techniques 

are followed before launching. Contamination of these bodies 

would be a disaster to future biological studies of extra- 

terrestrial life and to planetary and earthly ecologies. 
J 

The extreme conditions of the space environment ,. the entry 

and re-entry of the vehicle, are not lethal to all organisms. 

Techniques are available to insure sterility at the moment 

of launch. The procedures discussed include, (1) scerilization 

by heat, radiation and chemicals of the spacecraft components 

during assembly and (2) terminal sterilization of the completed 

vehicle prior to launch. 

plastic covering is recommended for the terminal sterilization. 

Design of spacecraft and the choice of components should be 

The use of ethylene oxide within a 

influenced by sterility requirements and by sterilization 

techniques presently in use. 



3e TEE ROTJZ O F  F U N G I  IN TKE DETERIORATION OF MISSIUS 

AND MISSILE COMPONENTS 

Lee ,  C. B. 

_I i n  I n d u s t r i a l  9 v e  2, PP* 55-64, 

New York, Plenum Pres s ,  1961 

Fungus growth had been found on missile m a t e r i a l s  i n  

temporary s to rage  during manufacture,  and i t s  presence w"as 

considered a source of p o t e n t i a l  d i f f i ' c u l t y  i n  the  f u t u r e  

t a c t i c a l  opera t ion  of missiles. P r i o r  t o  labora tory  

i n v e s t i g a t i o n s ,  conferences were he ld  wi th  personnel a t  t he  

manufacturing s i te  t o  acquaint  them wi th  .the importance of 

fungi  a s  agen t s  of d e t e r i o r a t i o n  and t o  d i scuss  the  i n t e r -  

r e l a t i o n s h i p  of var ious  p a r t s  of t h e  m i s s i l e  system and t h e  

poss ib l e  l o c i  of p o t e n t i a l  fungi. d e t e r i o r a t i o n .  Five p o i n t s  

were considered during t e s t i n g :  (1) Determination of t he  

composition of  t he  m a t e r i a l s  submitted t o  t e s t ,  e i t h e r  by 

infiormation from t h e  s u p p l i e r  o r  by labora tory  a n a l y s i s ;  

(2) Prec i se  e s t ima t ion  of fungus u t i l i z a t i o n  of t es t  m a t e r i a l ;  

(3)  Recommendations f o r  p a r t i c u l a r  performance tests on 

m a t e r i a l s  t o  d e f i n e  a c t u a l  microbio logica l  u t i l i z a t i o n  of 

i t e m s  and concurrent  c o r r e l a t i o n  of t h i s  information w i t h  

v i s u a l  observat ion of fungus growth;(4) S p e c i f i c  

determinat ion of s p e c i e s  of degrading fungi ;  ( 5 )  Suggestions 



3. c0ntk.l  

and methods t o  be devised t o  demonstrate p ro tec t ion  of 

m a t e r i a l s  a g a i n s t  fungi  and necessary c o r r e c t i v e  measures. 

Tests were c a r r i e d  out  i n  the s imulated t r o p i c a l  t e s t i n g  

f a c i l i t y  a t  t he  D e t r o i t  Arsenal OTAC, instrumented t o  

s imulate  t h e  condi t ions  of  t h e  t r o p i c a l  r a i n  f o r e s t .  

Mater ia l s  were t e s t e d  withbut  pre t rea tment ,  exac t ly  a s  

received ~KOIII  the  s u p p l i e r .  All m a t e r i a l s  received an. 

inocula t ion  wi th  a mixed spore suspension of s i x  t o  t e n  

spec ie s  of fung i  of known degrading a b i l i t y  on p a r t i c u l a r  

types 06 m a t e r i a l s .  

bu t tons ,  cab le  l eads  conta in ing  chromatic m a t e r i a l s ,  a sbes tos  

Exceptional growth was noted on elastomer 

tubing a d u l t e r a t e d  w i t h  c o t t o n ,  code-colored cable  harnesses ,  

silk-wrapped t ransformers  improperly sea led  a g a i n s t  t he  

t r o p i c a l  atmosphere, and so lenoids  wrapped i n  n a t u r a l  

texti le.  Many of t h e  assembled c o n t r o l  panels  and o t h e r  

ins t rumenta t ion  developed fung i  a t  s e v e r a l  l o c i .  



ATXQN OF COMPONENTS FOR LUNAR SPECTROMETER 

Boone , 16. U. Rivera , Lo T. , Anderson , E, C e 

1962 

I n  "Biological  and Medical Research Group ( H - 4 )  

of t he  Heal th  Div i s ion ,  Annual Report 

Los Alamos S c i e n t i f i c  Lab0 

Univers i ty  o f  C a l i f o r n i a  

Los Alamos, New Mex 

TID-4500 (18th  Ed.) 

E l e c t r o n i c  components were s t e r i l i z e d  w i t h  e thylene  

oxide gas  i n  an a i r - t i g h t  p l a s t i c  enc losure  a t  ad jus t ed  ( b u t  

undisclosed)  humidity and s t e r i l i z a t i o n  time. B. s u b t i l i s  

va r  e . s p o r e  s t r i p s  placed at the i n l e t  and o u t l e t  and 

throughout t h e  chamber were used t o  determine t h e  e f f i c i e n c y  

of s t e r i l i z a t i o n  fol lowing c u l t u r i n g  i n  t h i o g l y c o l l a t e  broth.  

B a c t e r i c i d a l  and b a c t e r i o s t a t i c  p r o p e r t i e s  of some 

u n s t e r i l i z a b l e  m a t e r i a l s  (adhesives ,  e tc . )  toward - S. aureus 

were determined, The plastic, adhesives ,  c a t a l y s t s ,  and 

p o t t i n g  compounds t e s t e d  were a l l  found t o  be s te r i le  and i n  

some ins t ances  (two a c t i v a t o r s ) ,  b a c t e r i o s t a t i c ,  o r  

' 

b a c t e r i c i d a l ,  The components included Stayfoam, 2 epoxides, 

s ty rene  g l u e ,  Eastman 910 adhesive,  2 a c t i v a t o r s ,  Amstrong 
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A-1 adhes ive ,  Cata lys t  No, 7 ,  Stycas t  No. 40, SN-3, SN-4,  and 

S i l a s t i c  RTV. The p o s s i b i l i t y  of b a c t e r i a l  spores surviv ing  

i n  p l a s t i c  was noted, and i t  was proposed that  rad ia t ion  

s t e r i l i z a t i o n  of space vehicles %s p o s s i b l e  if the s t e r i l i z a t i o n  

~ e ¶ u ~ ~ e r n e ~ ~  i s  considered i n  a l l  s t a g e s  of des ign and 



5 e  MOON MAY NOW BE CONT 

Missiles 7 and Rockets,  August 27, 1962, pp. 24-27 

Lunik IS and Ranger IV, because of imperfect s t e r i l i z a t i o n ,  

may have a l ready  contaminated the  moon on impact. Even 

though the luna r  su r face  may be h o s t i l e  t o  organisms, un- 

s t e r i l i z e d  f u e l  and e l e c t r o n i c  components dropping i n t o  

c rev ices  may have c a r r i e d  v i a b l e  microorganisms t o  subsurface 

a r e a s  capable of preserv ing  spores  o r  vege ta t ive  forms. This  

may S€XiOUSly h inder  b i o l o g i c a l  exp lo ra t ion  of the moon. 



6 ,  SPACE PROBE STERILIZATION 

- A Review - of .Space Research, Pub l i ca t ion  lO7g0 Chapter 10,  

pp. 10-1 - 10-10 
National  Academy of  Sciences-National Research Council:  

Washington, De C . ,  1962 

"Absolute" s t e r i l i t y  i s  no t  an  o p e r a t i o n a l  concept when 

a p p l i e d  t o  s p a c e c r a f t ,  However, by s t r ic t  adherence t o  

proven procedures ,  t h e  p r o b a b i l i t y  t h a t  a s p a c e c r a f t  i s  

contaminated w i t h  v i a b l e  organisms can be very low. Thus 

" c e r t i f i e d "  s t e r i l i t y  i s  an  ope ra t iona l  p o s s i b i l i t y .  Four 

techniques p r e s e n t l y  a v a i l a b l e  f o r  s t e r i l i z i n g  s p a c e c r a f t  

a r e  dry  h e a t ,  i o n i z i n g  r a d i a t i o n ,  b a c t e r i c i d a l  l i q u i d s  o r  

vapors,  and f i l t r a t i o n  o f  l i q u i d s  and gases. More work i s  

r equ i r ed  t o  e s t a b l i s h  d r y  thermal d e a t h  k i n e t i c s .  On t h e  

b a s i s  of known d a t a ,  t h e  dry  h e a t  t rea tment  recommended by 

JPL f o r  s t e r i l i z a t i o n  of  p l ane ta ry  s p a c e c r a f t  i s  135 C f o r  

24 hr while for l u n a r  c r a f t ,  t h e  c u r r e n t  requirement i s  

125 C f o r  24 hr. 

which may be degraded a t  t h e  " c e r t i f i e d "  s t e r i l i z i n g  temperature  

These components may be s t e r i l i z e d  by p e n e t r a t i n g  i o n i z i n g  

r a d i a t i o n ,  However, s t e r i l i z i n g  doses of r a d i a t i o n  ( LO6 - 

T e s t i n g  must a l s o  be done of  components 

10 7 rad) degraded some components t o  approximately the same 

degree as d r y  h e a t  t rea tment .  Ethylene oxide i s  the most 
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e f f e c t i v e  method of  chemical s t e r i l i z a t i o n  f o r  sur faces  

access ib l e  t o  a vapor.  It o f t e n  t akes  less t i m e  t o  achieve 

s t e r i l i t y  w i t h  e thylene  oxide vapor than w i t h  an equiva len t  

heat  t reatment .  Fur ther  i n v e s t i g a t i o n  of e thylene oxide f o r  

s t e r i l i z i n g  components and s p a c e c r a f t  i s  needed. Glove box 

procedures wi th  vapor s t e r i l a n t s  may be used f o r  adjustments 

and r e p a i r s  t o  prev ious ly  s t e r i l i z e d  spacec ra f t .  Spacecraf t  

l i q u i d s  o r  gases  which cannot be heated o r  chemically t r e a t e d  

may be s t e r i l i z e d  by f i l t r a t i o n .  New f i l t e r  assemblies m u s t  

be designed f o r  each a p p l i c a t i o n  of t he  f i l t r a t i o n  process  on 

the  spacec ra f t  

The JPL program of spacec ra f t  s t e r i l i z a t i o n  has achieved 

s u b s t a n t i a l  t echnologica l  advances,  has developed rappor t  be- 

tween b i o l o g i s t s  and s p a c e c r a f t  engineers ,  and has i d e n t i f i e d  

problem a r e a s  f o r  f u t u r e  study. Optimum s t e r i l i z a t i o n  w i l l  

no t  be achieved on l u n a r  s p a c e c r a f t ,  but  is  poss ib l e  and 

necessary f o r  t h e  Mars landing.  A more s t r i n g e n t  po l icy  f o r  

t h e  s t e r i l i z a t i o n  of manned landings i s  urgent ly  needed. It 

i s  a l s o  urgent  t h a t  b i o l o g i c a l  experiments ,be given f irst  -: 

p r i o r i t y  i n  a l l  l u n a r  and p l ane ta ry  programs before  a h igh  

degree of contamination is int roduced.  Mars should be made 

a b i o l o g i c a l  preserve.  A s t e r i l i t y  Control  Group, equipped 

with i n t e r n a t i o n a l l y  agreed-upon policies should be e s t a b l i s h e d  



6 *  Cont'd 

within a l l  organizations responsible for planetary missions. 

I .. 

t 



7. REVIEW OF THE: NASA-JPL SPACECRAFT PROGRAM, Appendix 111 

Space probe s t e r i l i z a t i o n  

Hobby, G.  Le 

- A Review & Space Research, Pub l i ca t ion  1079, Chapter 10 

pp. 10-25 - 10-36 
National  kademy of Sciences-National Research Council 

Washington, D.  C . ,  1962 

Considerable d i f f e r e n c e s  ex is t  between s t e r i l i z a t i o n  re- 

quirements f o r  l una r  missions and those  f o r  p l ane ta ry  programs. 

JPL was made r e spons ib l e  i n  1960 fo r  t e c h n i c a l  implementation 

of t h e  s p a c e c r a f t  s t e r i l i z a t i o n  program. JPL at tempted t o  

fo l low the  po l i cy  set  f o r t h  by t h e  NASA Adminis t ra tor  and the 

Space Science Board. However, r e l i a b i l i t y  of t he  Ranger 

s p a c e c r a f t  and i t s  components was given h igher  p r i o r i t y  than  

i t s  s t e r i l i t y .  Dry h e a t  and r a d i a t i o n  have been used t o  i n -  

s u r e  i n t e r n a l  s t e r i l i z a t i o n  of e l e c t r o n i c  components and 

p l a s t i c  m a t e r i a l s  s i n c e  i t  i s  assumed such agen t s  would be 

e f f e c t i v e  a g a i n s t  spores ,  v i r u s  and vege ta t ive  microorganisms. 

Both h e a t  and r a d i a t i o n  are  de t r imen ta l  t o  s p a c e c r a f t  

materials.  To minimize degradat ion of components, a 

s t e r i l i z i n g  temperature of 125 C f o r  24 hr was s p e c i f i e d  by 

JPL. This  s p e c i f i c a t i o n  was v e r i f i e d  by Bzuch. Radia t ion  

did n o t  appear  promising f o r  large scale i n t e r n a l  s t e r i l i z i n g .  

.' ' 
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Ranger subsystems were assembled wi th  dry box procedures 

u t i l i z i n g  e t h y l e n e  oxide a s  gaseous s t e r i l a n t  and l i q u i d  

a n t i s e p t i c s .  Formaldehyde i s  t h e  most promising s p o r i c i d a l  

l i q u i d  s t e r i l a n t .  A s a t i s f a c t o r y  method of s t e r i l i z i n g  

e l e c t r i c a l  connectors has  not y e t  been found. Terminal 

s t e r i l i z a t i o n  of t h e  assembled lunar  spacec ra f t  has been 

achieved by 11 h s  exposure of t he  vehic le  t o  a mixture  of 

12 percent  e thylene  oxide,  88 percent  freon-12 by weight ,  

a t  room temperature and 30-40 percent  r e l a t i v e  humidity. 

The modified Ranger nose cone was used a s  a gas  s t e r i l i z a t i o n  

chamber, and as a p r o t e c t i v e  shroud aga ins t  recontamination 

before  launch. The requi red  s t e r i l i t y  to le rance  of o r  

lower f o r  Mars landing spacec ra f t  i s  extremely d i f f i c u l t  t o  

achieve.  Terminal h e a t  s t e r i l i z a t i o n  of the  space veh ic l e  

i n  a p r o t e c t i v e  shroud seems t h e  best approach f o r  achieving 

t h e  requi red  s t e r i l i t y  t o l e rances .  

however, i n  implementing t h i s  procedure.  

Many problems ex is t ,  
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Topis III 

- A Review _3 of Research, Publ ica t ion  1079, Chapter 15, 

p e  15-14 

National  Academy- of Sciences-National Research Council: 

Washington, D. C., a962 

Addi t iona l  a t t empt s  should be made t o  d i scuss  wi th  other  

launching coun t  ies the quest ion of avoiding contamination 

of c e l e s t i a l  bodies, espec 



9. A SEISMOMETER FOR RANGER LUNAR LANDING 

Lehner, F. E . ,  W i t t ,  E. O . ,  Miller,  W. F., 

Gurney, R e  D. 

Seismological Laboratory Ca l i fo rn ia  I n s t i t u t e  of  

Technology, Pasadena, Ca l i fo rn ia  

NASA Contract  MASw-81 

May 15, 1962 

F i n a l  & p o r t ,  43 pp. and 21  f i g s .  

The u n i t  was designed t o  weigh less than 10 l b  and 

t e s t e d - f o r  an opera t ing  temperature range of -10 t o  +80 C. 

S t e r i l i z a t i o n  hea t  soaks a t  120 C f o r  up t o  36 h r  a r e  not 

de t r imenta l .  Proof tests of f l i g h t  prototypes included hea t  

s t e r i l i z a t i o n  f o r  24 h r  a t  125 C and gas s t e r i l i z a t i o n  f o r  

24 h r  i n  e thylene  oxide.  These s t e r i l i z a t i o n  tests were 

performed without  t h e  n-heptane i n s t r u m e n t  f l u i d .  S tycas t  

10-90 o r  S t y c a s t  30-50 were used a s  the  encapsulat ing 

m a t e r i a l  f o r  t h e  components. On completion of t he  hea t  soak, 

the p u l s e r  and b a t t e r i e s  were po t t ed  i n t o  the  seismometer 

body w i t h  s p o r i c i d a l . p o l y e s t e r  and assembly completed i n  a 

c l ean  room.!’ A f t e r  a l l  performance tes ts  were completed, 11 

the seismometers were de l ive red  t o  JPL for  gas s t e r i l i z a t i o n  

and storage until requi red .  Instruments  were t r a n s f e r r e d  

and stored i n  sealed con ta ine r s  to prevent  contamination. 



10. SCIENTIFIC INSTRUMENTS IN SPACE EXPLORATION 

Heacock, Re L. 

Science, v. 142, pp. 188-195, 1963 

Complete sterilization of the Martian space vehicle is 

generally agreed upon as a necessity. In contrast to the 

Moon or Venus, Mars seems likely to possess an atmosphere 

hospitable to microbial life. Therefore, no earthly organisms 

. should contaminate the planet until biologists have had an 

opportunity to isolate whatever native life fornis may exist 

there. The sterilization techniques felt necessary to insure 

no contamination involve heating the space vehicle to 135 C 

and holding this temperature for 24 hours. Surface sterilization 

of individual parts may be accomplished with ethylene oxide, 

Since this temperature is deleterious to many component 

materials, further research is urgently needed. 



I,. STERILIZING UNM%LMNED SPACECRAFT 

J a f f e ,  Le De 

Astronaut ics  - and Aerospace v. 1, no. 7 

PP. 22-29, 1963 

An engineer ing  examination of t h e  problems of s ter i l i -  

z a t i o n  i n  unmanned exp lo ra t ion  i s  presented from the  view- 

p o i n t  of contamination of a no t  h e r  p l a n e t  w i th  E a r t h  organisms. 

The chance of contaminating Mars i n  the  course of unmanned 

exp lo ra t ion  should be kep t  l o w  compared t o  the  chance of 

contaminating i t  dur ing  t h e  f i r s t  manned landing.  The 

p r o b a b i l i t y  of microbes being r e l eased  by s p a c e c r a f t  during 

a manned landing  i s  considered by engineers t o  be of t he  

order ‘10”’ o r  h igher .  An adequately low number f o r  t he  

permiss ib le  p r o b a b i l i t y  of contamination during t h e  unmanned 

program then becomes lo”* e On cons ider ing  t h e  p r o b a b i l i t y  

of f a i l u r e  i n  a program of 14  f l i g h t s  t o  Mars, a pefmiss ib le  

p r o b a b i l i t y  of contamination of 

and t h e  1962 Space Science Board Study i s  reasonable .  

Venus r e p r e s e n t s  a less f avorab le  environment f o r  growth of 

E a r t h  organisms, the suggested assurance a g a i n s t  r e l e a s i n g  

viable organisms i n t o  t h e  Venus upper atmosphere i s  lom1. 

a s  suggested by Hobby 

Since 

To avoid i n t e r f e r e n c e  w i t h  experiments which may be aimed 
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a t  determining the. o r i g i n  of organic  substances found on the 

Moon, the  weight of v i a b l e  organisms p e r  f l i g h t  i n  a 40 - f l i gh t  

unmanned program should be l imi t ed  t o  lo"* g .  

dead organisms introduced should be low. Ablation i n  a 

p lane tary  atmosphere w i l l  not  s t e r i l i z e  very small  fragments,  

nor w i l l  t h e  centers of c e r t a i n  m a t e r i a l s  reach  s t e r i l i z a t i o n  

temperatures.  Impact, t he  space environment - s o l a r  u l t r a -  

The number of 

v i o l e t  and soft X-rays, cosmic r a y s ,  and temperatures en- 

countered i n  space w i l l  no t  decrease the  contamination 

p r o b a b i l i t y .  L imi ta t ions  of chemical and hea t ing  techniques 

f o r  s t e r i l i z a t i o n  p r i o r  t o  launch, during launch,  and i n  

f l i g h t  a r e  discussed.  

Since dry  hea t  f o r  24 h r  a t  135 C .is considered t o  lower 

the  o r i g i n a l  number of r e s i s t a n t  organisms by a f a c t o r  of  

about 10-13, an assumption t h a t  109 organisms a r e  p re sen t  on 

a "clean" spacec ra f t  l eads  t o  the  p r o b a b i l i t y  of t h a t  a 

v i a b l e  organism remains a f t e r  t h i s  hea t  t reatment .  Problems 

l i k e l y  t o  be encountered during f l u i d  f i l t r a t i o n  and a s e p t i c  

assembly a r e  noted. . 

54 r e fe rences  



12e CULTURE OF ANAEROBIC FECAL FLORA IN MEN UNDER 

TED SPACE CONDITIONS 

G a l l ,  Le S., Helvey, W. M. 

Y P*  44, 1963 

Anaerobic b a c t e r i a  i n  human feces a r e  d i f f i c u l t  t o  

i s o l a t e  and s tudy ,  so l i t t l e  i s  known about these  b a c t e r i a  

and the  f a c t o r s  in f luenc ing  them. The research  program f o r  

t he  man-in-space r e q u i r e s  such information,  since condi t ions  

of space t r a v e l  may w e l l  in f luence  the  f e c a l  f l o r a  and thus  

t h e  h e a l t h  or: well-being of t h e  a s t ronau t .  Fecal samples 

were taken a t  beginning of t es t  and twice a week f o r  the next 

two weeks on four groups of s i x  young men who were held i n  a 

chamber under varying atmospheric condi t ions  s imula t ing  space 

f l i g h t  and f e d  mainly dehydrated food. 

technique s i m i l a r  t o  t h a t  used f o r  i s o l a t i n g  rumen anaerobes 

was used t o  s tudy the  predominating f e c a l  f l o r a  of these  sub- 

jects. 

-I 

An anaerobic c u l t u r i n g  

, 

S e r i a l  anaerobic c u l t u r i n g  of f e c a l  m a t e r i a l  was 

c a r r i e d  out  

p l a t e s  were 

showed t h a t  

t o  t h e  l O - I 3  d i l u t i o n ,  and aerobic  counting 

made of 10'5 t o  10'7 d i l u t i o n s o  

v i a b l e  o b l i g a t e l y  anaerobic  b a c t e r i a  were p resen t  

These s t u d i e s  

i n  100 b i l l i o n  t o  10 t r i l l i o n  pe r  gram of f e c a l  m a t e r i a l  i n  

20 of 23 s u b j e c t s  a t  all five time per iods.  

coun t s  ranged from 100,000 t o  100 m i l l i o n  pe r  gram of feces. 

Aerobic p l a t e  



12. Cont’d 

Thus, strict anaerobes were 100 t o  10,000 times more preva len t  

than aerobes i n  t h e  feces of these  20 men. Two of the  o t h e r  

t h ree  s u b j e c t s  had f a c u l t a t i v e  anaerobic cocc i  and one man 

on o r a l  a n t i b i o t i c s  had col i forms a s  the  predominating f l o r a  

throughout t h e  s tudy.  Preliminary s t u d i e s  suggest t h a t  t he  

f e c a l  f l o r a  of t hese  s u b j e c t s  was r e l a t i v e l y  s t a b l e  during 

‘ t h e  t r i a l ’  and t h a t  many of t h e  b a c t e r i a  i s o l a t e d  a r e  

d i f f e r e n t  from previous ly  descr ibed spec ies .  



3.  RXLIZATZON REQUIREmMTS (Hearing before  

t h e  Committee on Aeronaut ical  and Space Sciences,  United 

S t a t e s  Senate ,  ighty-Eighth Congress, F i r s t  Session,  on 

S. 1245) 

Apr i l  24,  25, 26, 29, and 30,  1963 

P a r t  I S c i e n t i f i c  and Technical Programs, yashington,  

D. C . ,  1963, pp. 321-323, U. S. Government P r i n t i n g  

Offise,  1963 

(A b i l l  t o  au tho r i ze  appropr i a t ions  t o  the  National 

Aeronautics and Space Administration f o r  research ,  

development and opera t ion ;  cons t ruc t ion  of f a c i l i t i e s ;  - 

and f o r  o t h e r  purposes)  \1 

Dr, Homer E, N e  i r e c t o r  of Office of Space Sciences, 

NASA, s t a t e d  t o  Senator  C l i f f o r d  P. Case, that NASA was 

r e l ax ing  s t e r i l i z a t i o n  requirements f o r  l una r  veh ic l e s .  

This  was being done because t h e  p re sen t  s t a t e  of s t e r i l i z a t i o n  

techniques c a l l e d  f o r  hea t ing  t h e  v e h i c l e  t o  a high 

temperature over  a Long per iod  of t ime, This. has t he  effect 

of aging t h e  v e h i c l e  prematurely and thus lowers i ts  

r e l i a b i l i t y .  I n  t h e  opinion of many b i o l o g i s t ,  lower 

S t e r i l i z a t i o n  requirements w i l l  no t  harm b i o l o g i c a l  experi-  

mentation of t h e  Moon s i n c e  t h e  g r e a t e s t  opportuni ty  l i e s  a t  

a great depth  below t h e  l u n a r  su r face .  There can be no 
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spread of i n f e c t i o n  from an u n s t e r i l e  v e h i c l e  s i n c e  t h e r e  i s  

no atmosphere p re sen t  on the  Moon and t h e  luna r  su r face  i s  

exposed t o  high vacuum, i r r a d i a t i o n  by u l t r a v i o l e t  l i g h t  and 

X-rays, l e t h a l  par t ic le  r a d i a t i o n s ,  and very  high temperatures.  

It was noted. tha t  r e l a x a t i o n  of s t e r i l i z a t i o n  requirements 

must n o t  happen i n  the case of t h e  Mass probes l e s t  t h e  

~ o ~ s ~ b ~ ~ ~ ~ ~  of i n i n g  t h e  presence of l i f e  be destroyed.  



4, COMMENTS QUESTIONS SUBMITTED BY SENATOR 

MARGARET CHASE SMITH ON STERILIZATION OF SPACE 

VEHICLES FOR LUNAR LANDINGS.(Hearings before the 

Committee on Aeronautical and Space Science, 

United States Senate, Eighty-Eighth Congress, 

First Session on S. 1245) 

April 24, 25, 26, 29,  and 30 ,  1963 

Part I Scientific and Technical. Programs, Washington, 

D. C., 1963, pp. 596-600, U. S. Government Printing 
c 

Office, 

(A bill to authorize appropriations to the National 

Aeronautics and Space Administration for research, 

development, and operation; construction of facilities; 

and for other purposes) 

Senator Smith was concerned about NASA decisions to 

relax arrangements for the sterilization of space vehicles 

for lunar landings. It was felt that these decisions violated 

agreements made by the United States with the Committee on 
1 

Contamination of Extra-Terrestrial Exploration of the Inter- 

national Council of Scientific Unions. It was pointed out 

by Dr. Robert C. Seamans, Associate Administrator, NASA, 

that CETEX, at the second meeting in 1959 had taken the 

position that the presence of any life on the Moon was 



extremely unl ike ly  and t h a t  "it may not  be p o s s i b l e  t o  avoid 

all types of  contamination." As f a r  a s  dead contaminants of 

e x t r a t e r r e s t r i a l  na tu re  were concerned, danger t o  f u t u r e  

s t u d i e s  could be reduced by l i m i t i n g  a r e a s  f o r  landing on 

t h e  Moon. N o  p lans  a r e  being made f o r  s t e r i l i z i n g  manned 

veh ic l e s  t o  t h e  Moon. There does not  seem t o  be any g r e a t  

danger of  contaminating the  Ea r th  w i t h  luna r  organisms because 

it i s  extremely un l ike ly  t h a t  organisms e x i s t  on the  Moon 

which would t h r i v e  i n  Ea r th  environment. No r e l a x a t i o n  of 

s t e r i l i z a t i o n  requirements i s  forseen  f o r  p l ane ta ry  landings.  

By 1966, s te r i le  and technologica l ly  r e l i a b l e  spacec ra f t  a r e  

planned f o r  t h e  Mars opportuni ty .  The c u r r e n t  s t a t e  of 

s t e r i i i z a t i o n  technology i s  now considered inadequate ,  but  i t  

is expected to be s u f f i c i e n t l y  advanced by l a t e  1966. 



l5., THE CONTROL I N  SPACE VEHICUS 

Alexander, A. L. 

Science ,  v. 143, pp. 654-660, 1964 

Temperatures of s a t e l l i t e s  and s p a c e c r a f t  m u s t  be 
2 

con t ro l l ed  r e l i a b l y  t o  s a t i s f y  requirements of i n t e r n a l  

i n s t rumen t s  and payloads. R e s t r i c t i v e  temperature l i m i t -  

a t i o n s  of e l e c t r o n i c  components d i c t a t e  t h e  thermal design 

of the v e h i c l e .  Trans is tor .ne tworks  a r e  u s e f u l  only between 

0 and about 60 C. Some b a t t e r i e s  opera te  e f f i c i e n t l y  only 

wi th in  narrow temperature limits. Nearly a l l  b i o l o g i c a l  

processes  must be maintain d w i t h i n  a range about 40 .C.  

highest temperature allowed i n  manned s p a c e c r a f t  i s  43 C. 

The 
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Missiles - and Rockets, v. 15, no, 8, p.  15, 1964 

The d i r e c t o r  of NASA's o f f i c e  of Bio-sciences i n d i c a t e s  

i t  will probably be 1971 OF 1973 before the U. S. lands a 

l a rge  in t eg ra t ed .  utomated Biologlscal Laboratory (ABL) on 

Mars. Qthe NASA sources consider  a 1971 launch of a l a r g e  

ABL wi th  t h  Saturn V booster  a s  improbable due t o  high c o s t  

and problems w i t  s t e r i l i z a t i o n  methods which have t o  be 

solved. y ABL mission w i l l  be pas t  o the  Advanced 

Voyager program. 



17. VIEWS ON SPACE PROBE STERILIZATION 
/ Heden, C.-G. 

P a r t  I, pp. 1-14 

BackgPound paper ,  COSPAR Consul ta t ive  Group on P o t e n t i a l  

Hazards of Space Experiments, - -  

Meeting , Geneva , February 1 4 ,  1964 

The. problem of s t e r i l i z i n g  and decontaminating r o c k e t s  

which may impact a p l a n e t  o r  t h e  luna r  surface i s  of concern 

t o  t h e  wor ld ' s  b i o l o g i s t s .  Therefore ,  s i n c e  1958 CETEX and 

COSPAR have been working on a code of procedures t o  be 

followed by launching s t a t i o n s .  Exact q u a n t i t a t i v e  s p e c i f i -  

c a t i o n s  have been d i f f i c u l t  t o  e s t a b l i s h  since no p o s i t i v e  
( 

d a t a  exis ts  on t h e  r a t e  o f  growth of organisms ,under 

condi t ions  be l ieved  t o  exist  on Mars o r  Venus. Also no 

c lear  understanding exis ts  o f  t h e  s t e r i l i z i n g  effect  of 

space cond i t ions  and r e e n t r y  i n t o  t h e  atmosphere. 

mental  programs t o  a c q u i r e  more d a t a  on these  p o i n t s  have 

Experi-  

been recommended. 

and i d e n t i f y i n g  organisms i n  space and the  d i f f i c u l t y  of de- 

c i d i n g  whether the i r  source  i s  e x t r a t e r r e s t r i a l .  S ince  

p o l i t i c a l  c o n s i d e r a t i o n s  might prevent  t h e  necessary d ia logues  

A t t e n t i o n  has been given t o  c o l l e c t i n g  

between Russian and American engineers  and microbiologists,  the 
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construction of a tes t ing  device o r  "mock cone" consisting 

of heat s t e r i l i zab le  and non-heat s t e r i l i zab le  components 

is also recommended. 



18. SPACE QU NTS MADE I N  OR ENCLOSED 

WITH CORRESPONDENCE 

Hede/n, C . 4 .  

V i e w s  - on Probe S t e r i l i z a t i o n ,  P a r t  I ,  Appendix I ,  

Background paper ,  COSPAR Consu l t a t ive  Group on P o t e n t i a l  

Hazards of Space Experiments 

Meeting II Geneva February 14 ,  1964 

The Space Science Board of t h e  Nat ional  Academy of  

Sc iences ,  i s sued  a s ta tement  of p o l i c y  i n  1963 which s t a t e d  

1) "that an  immediate s tudy program be undertaken t o  

determine s t e r i l i z a t i o n  requirements f o r  space probes and t o  

develop recommendations, compatible w i t h  p r e s e n t  design and 

assemt>ly processes  regard ing  necessary s t e r i l i z a t i o n  procedures" 

and 2 )  "that procedures be immediately e s t a b l i s h e d  and 

implemented t o  insureca  complete inventory  of  a l l  components 

of a l l  space probes." NASA formulated the  p o l i c y  of 

" s t e r i l i z i n g ,  t o  the e x t e n t  t e c h n i c a l l y  f e a s i b l e ,  a l l  space 

probes in tended  t o  pas s  i n  t h e  near v i c i n i t y  of o r  impact 

on the Moon or p lane ts . "  The Space Science Board has  adopted 

a two-part p o l i c y  concerning 1) l u n a r  probes,  2 )  Mars probes.  

Although t h e  l u n a r  s u r f a c e  i s  an  extremely unfavorable 

environment f o r  the growth of terrestrial organisms, t h e  

Board recommends that contamination be kep t  minimal because 

! I  
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of the l ack  of knowledge concerning luna r  subsurface condi t ions .  

The c l e a n l i n e s s  l e v e l  of the  probe should approximate t h a t  

which p r e v a i l s  i n  m o s t  h o s p i t a l  s u r g i c a l  rooms. Mars, however, 

r ep resen t s  a poss ib ly  more hosp i t ab le  environment, and the  

s t e r i l i z a t i o n  procedures should be more s t r i n g e n t .  A l l  

s c i e n t i s t s  whose correspondence is  quoted stress the  

"catastrophe" t o  b i o l o g i c a l  s t u d i e s  i f  a Hars landing i s  made 

without s t e r i l i z a t i o n  of the  space veh ic l e  and a means f o r  

incorpora t ing  a l i f e - d e t e c t i o n  experiment i n  t h e  i n i t i a l  

landing. Procedures of s te r i le  cons t ruc t ion  and decontamination 

before  launch are given. An i n t e r n a t i o n a l  committee of 

scient is ts  should be e s t a b l i s h e d  t o  approve t h e  s t e r i l i t y  of 



19. WORKING D Q C W N T  FOR "€E CONSULTATIVE GROUP 
/ 

Heden, C.-G. 

V i e w s  on Space Probe S t e r i l i z a t i o n ,  P a r t  1, Appendix 4 ,  

Background paper,  COSPAR Consul ta t ive  Group on P o t e n t i a l  

Hazards of Space Experiments , 
Meeting, Geneva, February 14 ,  1964 

The Consul ta t ive  Group on Poss ib le  Hazards of Space 

Experiments recommends t h a t  COSPAR r eques t  t he  United Nations 

to dec la re  Mars a Temporary Bio logica l  Preserve t o  be 

approached only by spacec ra f t  subjec ted  t o  c e r t i f i e d  

. s t e r i l i z a t i o n  procedures.  Such procedures m u s t  be proven 

e f f e c t i v e  both  f o r  su r face  s t e r i l i z a t i o n  and f o r  des t roying  

o r  removing v i ab le ,  r e s i s t a n t  spores  entrapped between s o l i d s  

o r  contained i n  l i q u i d s  which a r e  not  themselves s t e r i l a n t s .  

Less  than loe4 p r o b a b i l i t y  t h a t  a s i n g l e  l i v i n g  organism i s  

r e l eased  on the  p l a n e t ' s  sur face  should be the  goal .  These 

s p e c i f i c a t i o n s  should be the concern of  a Control S t e r i l i t y  

Group e s t a b l i s h e d  a s  a u n i t  w i th in  t h e  organisa t ion  respon- 

s ib le  for  p l ane ta ry  missions.  

SI 



20. CONTROLLED CONTAMINATION OF HEMETICALLY SEALED ELECTRONIC 

COMPONENTS OF SPACE VEHICLES FOR DEVELOXENT OF TERMINAL 

S'IZRILIZATION PROCEDURES 

Miller, A .  K. 

Lockheed Spacecraf t  S t e r i l i z a t i o n  Systems, 

Van Nuys F a c i l i t y  

Lockheed Missiles and Space Company 

Sunnyvale , Cal i fo rn ia  

F ina l  Report 

Contract AF41 (609)-1544, P ro jec t  No. 7930, 34 p p e r  

December 31, 1962 

i 

Control led contamination of components during manufacture 

was accomplished t o  support  s tud ie s  t o  determine whether 

normal manufacturing techniques were s u f f i c i e n t  t o  s t e r i l i z e ,  

and w h a t  s t e r i l i z a t i o n  procedures could be used without 

a f f e c t i n g  component c h a r a c t e r i s t i c s ,  Approximately 375 

components were inoculated w i t h  Bac i l lus  stear"ohermophi1us 
I 

spores  and 230 componentsbwere inoculated wi th  - B. s u b t i l i s  

var ,  n ige r  sporeso  Heat s e n s i t i v e  and hea t  r e s i s t a n t  r e s i s t o r s ,  

capac i to r s ,  potent iometers  and diodes of var ious  i n t e r n a l  

composition w e r e  s e l ec t ed .  De ta i l s  of component manufacturing 

processes  are given, and a recommendation is made t h a t  

manufacturing methods should inc lude  a sep t i c  assembly 
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coordinated with in-line sterilization to achieve internal 

sterilization of components. 



Clc3sdson, c . -3 .  

pp. 292-3713, 

a 3 s t r 2 c t i . n ~ .  C ~ ~ Z ~ C ~ G C  re ferz ing  t o  a p r e p r h t  or' this a r t i c l e  

n o i e d  87 re-' l e r e n c e s .  



22. PROCEDURES NECESSARY FOR THE PREVENTION O F  

PLANETARY CONTAMINATION (Presented a t  t he  F i f t h  

I n t e r n a t i o n a l  Space Science Symposium, COSPAR, 

May 12 - 16, 1964) 

Hall ,  L. B., Bruch, C. 

Florence , I t a l y  

S tud ie s  of  microbia l  s u r v i v a l  i n  simulated deep space 

condi t ions  have e s t a b l i s h e d  t h a t  t hese  condi t ions  w i l l  no t  

s t e r i l i z e  contaminated spacec ra f t ,  Likewise, da ta  presented 

a t  t h i s  and previous meetings of COSPAR have shown t h a t  many 

t e r r e s t r i a l  microbes,  p a r t i c u l a r l y  anaerobic  sporeformers 

r e a d i l y  t o l e r a t e  simulated Martian environments. Any space- 

c r a f t  landing on Mars must have a low p r o b a b i l i t y  of harbor- 

i n g  any t e r r e s t r i a l  organisms, e s p e c i a l l y  s p o r e f o m e r s ,  i f  

t h e  goa l s  of exobiology a r e  no t  t o  be compromised. 
\ 

Before t h e  planning, production and monitoring of s t e r i l e  

spacec ra f t  c,an be undertaken, t he  theory and p r i n c i p l e s  of 

s t e r i l i z a t i o n  and t h e i r  a p p l i c a t i o n  t o  t h e  s p e c i a l  problem 

of s p a c e c r a f t  s t e r i l i z a t i o n  must be understood. The response 

of a given populat ion of microorganisms t o  s t e r i l i z i n g  agen t s  

is affected by several factors; these  factors i n  t u r n  r e g u l a t e  

the k i n e t i c s  of the k i l l i ng  process.  The only processes  t h a t  

achieve both su r face  and i n t e r i o r  s t e r i l i z a t i o n  a r e  hea t  and 
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r ad ia t ion .  O f  t h e s e ,  d ry  hea t  i s  t h e  agent  of choice.  I f  

a l l  p a r t s  of t h e  s p a c e c r a f t  are assembled under the  most 

r igorous  cond i t ions  of c l e a n l i n e s s ,  t he  capsule  can be 

brought t o  te rmina l  s t e r i l i z a t i o n  conta in ing  a t o t a l  of not  

more t h a n  lo5 v i a b l e  organisms. These can be k i l l e d  by 

exposure t o  135 C f o r  24 hours w i t h  a confidence of g r e a t e r  

than 104. 

Spacecraf t  must be s p e c i f i c a l l y  designed t o  withstand 

such hea t  s t e r i l i z a t i o n  without  reduct ion of r e l i a b i l i t y .  

Labi le  p a r t s  must be kep t  t o  a minimal number, s t e r i l i z e d  

by methods o t h e r  than h e a t ,  and i n s e r t e d  i n t o  the  s t e r i l i z e d  

spacec ra f t  by s t e r i l e  techniques.  The e n t i r e  process  m u s t  

be under ve ry  t i g h t  c o n t r o l  w i t h  tests and records of every 

d e t a i l ,  The s t e r i l i z e d  spacec ra f t  m u s t  be encapsulated and 

remain t h e r e i n  during f i n a l  t e s t i n g  and launch u n t i l  the  

capsule  is opened i n  deep space. 

engineer  must understand how a l l  t hese  procedures w i l l  a f f e c t  

The design and production 

the s p a c e c r a f t ,  and the b i o l o g i s t  must cons t an t ly  monitot  

and educate t h e  engineers  on t h e  scope and l i m i t a t i o n s  of 

t h e s e  various sterilizing procedures. 

Authors Abstract 
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4. CT OF p-PRoPllO TABOLISM OF PSEUDOMONAS 

AERUGINOSA GROWTH OF CERTA 

Bernheim, F., Gale, G. R. 

for - of the 
_I- 

- and Medicine, v. 80, no, l, pp. 162-164, 1952 

io lac tone  (BPL) a t  0.25 rng /ml  inhibits the oxidativ 

metabolism of of Pseudomonas 0 In aqueous 

solution, the lactone hydrolyzes to p-hydro~yp~opi~n3.c acid, 

The lactone may be used as a su ce d i s ~ ~ ~ e c t ~ n t  since it is 

fungista tic s well as bacte i o s t a t i c ,  but it would be 

necessary t o  8 ore and apply it in a nonaqueous medium, Slow 

hydrolysis would keep the surface ac d, and the combined 

effect of th 
I 

Because of low toxicity in d ~ l ~ ~ ~ o n ,  BPL could be applied 

frequently  with^^^ danger of syst@m~c dfects from absorption 

through the skin. 



one (BPL) was ae Q ~ O  several 

Bdings which had a variety of surface finishes, 

equipment, room vol es, and history 

ia1 c o ~ ~ ~ m i n ~ t i o ~ ~  The lac one was used on the basis 

of 18 mg per 1 of space for a contact time of 2-4 hr followed 

by 6-18 hr charcoal adsorption or ventilation, Spore strips 

of Bacillus subtilis var. and - Be as 

of the decontamination procedure, 

raised when necessary since BPL is not effective as a sterila 

at less than 70 percent relative humidity. 

The relative humidity was 

Disinfection was 

usually complete when measured by the sterilization of spores 

on paper strips, but one treated space had residual counts 

of 5-25 spores from the initial 100,000 - B. subtilis varo niger 

spores, Liquid and vapor BPL will corrode or cause deterioration 

Is and plastics, 

c 



LoCrippo, 6. A. , Har 

Bib l io theca  e 225-2308 1958 

Over 600 chemicals were tes c i d a l  a c t i v i t y .  

Only f ive compounds i n a c t i v a t i n g  v i r u s e s  

i n  human plasma. These e paraformaldehyde, e thylene oxide, 

id&, s u l f u r  mustard and be propiohactone (BPL). 
1) 

BPL was consid red  t h e  most promising 

s t e r i l i z a t i o n  of plasma. 

ug f o r  chemical 

BPE hydrolyzes r a p i d l y  i n  water  and 

plasma t o  sodium beta-chloropropionate and sodium hydracryla te , 
both r e l a t i v e l y  nontoxic compo ds.  I n  order t o  ensure 

maintenance of plasma p r o t e i n  i n t e g r i t y  a t  m i n h a l  BPL l e v e l s 8  

combinations o f  BPL w i t h  o t h e r  v i r u c i d a l  agen t s  were s t u d i e d  

t o  f i n d  a d d i t i v e  or  s y n e r g i s t i c  v i r u c i d a l  a c t i o n  without: 

a d d i t i o n a l  p r o t e i n  a l t e r a t i o n ,  

found t o  be most s a t i s f a c t o r y .  

m g / l  combined w i t h  2 rn i l l iwa t t s / sq  crn W i r r a d i a t i o n  

e l imina ted  v i  

m g / l  and W alone requi red  greater than 8 m i l l i w a t t s / s q  cm. 

The v i r u c i d a l  concent ra t ion  of t h e  combination is seven t imes 

lower than tha t  of BPI, alone and three t o  four times lower 

than that o f  W alone. 

BPL and W i r r a d i a t i o n  w a s  

A BPL concent ra t ion  of 500 

8 a c t i v i t y  while  BPI, a lone  r equ i r ed  3500 



27, A GZNERAL REVIEW OF CHEMICAL STERILIZATION I N  SPACE 

RESEARCH 

Opfe l l ,  J.  B e  

I n  " L i f e  Sciences and Space Research", v I  11, A Session 

of t he  Fourth I n t e r n a t i o n a l  Space Science Symposium, 

Warsaw, J u n e  3-12, 1963 , pp. 385-405 , 
North-Holland Publishing Compaay, Amsterdam, 1964 

Chemical s t e r i l i z a t i o n  by i t s e l f  i s  not  a s u f f i c i e n t  

technique t o  produce s t e r i l e  assemblies of t he  complexity found 

i n  spacec ra f t .  It provides a l t e r n a t i v e s  and supplementation t o  

contamination c o n t r o l ,  c leaning ,  i r r a d i a t i o n ,  and exposure t o  

e leva ted  temperatures.  Because of l i m i t a t i o n s  i n  e s t a b l i s h i n g  

s t e r i l i t y  w i th  chemical agents ,  phys ica l  agents  such as hea t  o r  

r a d i a t i o n  w i l l  be given f i rs t  cons idera t ion  i n  t he  design of  

s te r i le  spacec ra f t  components. Chemical s t e r i l i z a t i o n  should 

be considered only i f  these  agents  a r e  no t  compatible w i t h  

component m a t e r i a l s  o r  t h e  performance of t he  components. 
J 

Gaseous s t e r i l i z a t i o n  i s  an a p p l i c a t i o n  of chemical s t e r i l i z -  

a t i o n  i n  which the  s t e r i l i z i n g  agent i s  i n  t h e  gas  phase when i n  

immediate con tac t  w i th  the  organism t o  be destroyed.  I n  g e n e r a l ,  

l i q u i d  s t e r i l a n t s  a c t  about t e n  t i m e s  more r a p i d l y  than do gases ,  

I n  quasi-gaseous processes ,  t he  chemical agent  i s  d i spe r sed  as  a 

vapor OK ae roso l  which condenses on all .  a c c e s s i b l e  su r faces .  
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exp lo re t ion .  
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shortening of time i s  poss ib l e .  Raising t h e  temperature enhances 

t h e  e f f ec t iveness  of t h e  a l k y l a t i n g  agents  bu t  lowers t h e  effective- 

ness  of c e r t a i n  oxid iz ing  agents .  

s t e r t l a n t  by the  cell nay occur ,  

Reduction i n  absorp t ion  of t he  

A sequence of chemical t reatments  can improve the  e f f i c i e n c y  

of the s t e r i l i z a t i o n  process .  Should te rmina l  su r f ace  s t e r i l i z a t i o n  

r e q u i r e  e thylene  oxide,  gloveboxes f o r  s t e r i l e  assembly can be 

s t e r i l i z e d  wi th  ozone, washed w i t h  l i q u i d  s t e r i l a n t ,  o r  exposed 

t o  a beta-propiolactone fog. 

A chemical s t e r i l a n t  does n o t  always a c t  l i n e a r l y  w i t h  t i m e ,  

The F and D values  which descr ibe  the  r a t e  of  v i a b i l i t y  loss  i n  

microbia l  populat ions compare the  k i n e t i c s  of processes  r a t h e r  

than t h e i r  endpoints.  Ext rapola t ion  t o  processes  f o r  des t roying  

very l a r g e  microbia l  populat ions i s  not  recommended. 

B a c t e r i a l  spores  a r e  l e s s  r e s i s t a n t  t o  a l k y l a t i n g  agents  than 

t o  o the r  chemical s t e r i l a n t s .  Bio logica l  a l k y l a t i n g  agents  include 

formaldehyde, s u l f u r  and n i t rogen  mustards,  methanol amides, 

methane sulfonyloxy d e r i v a t i v e s ,  c e r t a i n  l ac tones ,  t he  epoxides,  

and ethylene i m i n e s  and s u l f i d e s .  The a l k y l a t i n g  agents  have been 

termed 'radiomimetic '  since many of t h e i r  b i o l o g i c a l  effects 

c o r r e l a t e  w i t h  those of r a d i a t i o n s .  The d i s t i n c t  advantages of 

ethylene oxide over o t h e r  a l k y l a t i n g  agen t s  a t  low temperatures 

a r e  the  a b i l i t y  t o  p e n e t r a t e  porous materials and t h e  lack of a 
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requirement f o r  excessive humidity f o r  s t e r i l i z a t i o n .  Para- 

formaldehyde, a beta-gropialactone polymer, and ethylene imine  

have imparted s e l f - s t e r i l i z i n g  p rope r t i e s  to p l a s t i c s  and 

p o t t i n g  compounds. 

Engineering developments w i l l  e s t a b l i s h  t h e  a c t i v i t y  of 

d i f f e r e n t  amounts cf s t e r i l a n t  and vehic le  on n a t e r i a l s  and 

s t e r i l i z a t i o n  e f f ec t iveness .  Nethods of mixing the  chemicals 

i n  m a t e r i a l s  t o  be s e l f - s t e r i l i z i n g ,  the  d i f f u s i o n  r a t e s  of 

chemical agents  i n t o  and out  of m a t e r i a l s  and spaces ,  the 

s o l u b i l i t y  and cor ros iveness  w i l l  be determined. Organisms 

which p resen t  most d i f f i c u l t i e s  i n  s t e r i l i z a t i o n  a r e  usua l ly  

a s soc ia t ed  w i t h  d u s t  o r  s o i l ,  both o f k h i c h  inf luence  the 

environmental  and process  requirements t o  produce s t e r i l i t y .  

76 references  



e Be, Fos te r ,  J. He s o  

and __. Journa l  of - 

P a i r s  of cmpounds used a s  b a c t e r i o s t a t i c  agen t s  were 

t e s t e d  aga ins  b a c t e r i a l  spec ie s  t o  determine whether 

t h e  combinations w e r  more o r  less effective than e i t h e r  one 

a lone  o r  i f  no i n t e r a c t i o n  occurred. Th technique used 

paper s t r i p s  loaded w i t h  the  compoundso Thes 

a t  r i g h t  angles  on 8 seeded aga r  p l a t e .  The zones of 

i n h i b i t i o n  and growth p a t t e  between the  s t r i p s  i n d i c a t e d  

t h e  mutual effect  o t h e  combination t e s t e d ,  The i n t e r a c t i o n  

of 28' combinations of ~ ~ ~ n y l ~ ~ r ~ u ~ i ~  n i t r a t e  2-phenylethanol , 
c h l o r c r e s o l ,  thionaersalate,  ch lorhexid ine ,  benzalkonium 

c h l o r i d e ,  ch lo rbu to l  and eye-drop s o l u t i o n  B , P . C .  were t e s t e d  

a g a i n s t  Pseudomonas , NCTC 7244, 

Dogenes,  NCTC 8708, aureus ,  NCTC 4163, 

Escher ich ia  _I_ c o l i ,  MCTC 86, B a c i l l u s  s u b t i l i s ,  NCTC 8236, and 

- Proteus , MCTC 4636. No antagonism was demonstrated 

between any p a i r  of b a c t e r i o s t a t s .  There was evidence of 

mutual enha 

t h e  organic  ~ e ~ c ~ ~ ~ a ~ s ~  



29. DECONTAMINATION QF CMICCWM EGGS USING PERACETIC ACID 

Smith, C, K. 

Previous production of axenic  chickens has involved the  

s t e r i l i z a t i o n  of t h e  s h e l l  of t h e  eggs while  they were passed 

through a b a t h  containkng HgC1,2 (l:lOO)e P e r a c e t i c  a c i d  has 

been used t o  s t e r i l i z e  i n e r t  su r f aces  of i s o l a t o r s  and r e l a t e d  

equipment. The use of p e r a c e t i c  a c i d  t o  s t e r i l i z e  t h e  s h e l l  

su r f aces  of eggs i s  a n  ex ten t ion  of these  techniques and 

e l imina te s  t h e  Lase of a germicidal  t r a p  a s  w e l l  a s  t h e  less 

adequate HgC12. Eggs conta in ing  17- , 18-, and 19-day-old 

chick embryos were passed i n  s o l u t i o n s  of an ion ic  de t e rgen t  

and p e r a c e t i c  a c i d ,  These eggs were then passed i n t o  a s t e r i l e  

i s o l a t o r  through a s tandard  vapor lock door and a spray of 2 

percent  a c i d .  A f t e r  t h i s  t rea tment ,  c l u t c h e s  of eggs produced 

hatches of axenic  ch icks .  Exposure of t h e  embryonated eggs 

t o  p e r a c e t i c  a c i d  f o r  longer  than  25 min o r  excess ive  fumi- 

g a t i o n  of t h e  lock tended t o  reduce t h e  h a t c h a b i l i t y .  

n e u t r a l i z a t i o n  of t h e  p e r a c e t i c  a c i d  t o  pH 5.0 increased  t h e  

h a t c h a b i l i t y  71 percent  when using a s tandard  30-min exposure 

P a r t i a l  

per iod.  Experiments i n  which t h e  concent ra t ion  of t h e  p e r a c e t i c  

a c i d  was reduced t o  1 percent  w e r e  unsuccessful  i n  producing 

axenic  ch icks  The organisms i s o l a t e d  from contaminated 
i 



c lu tches  were Escherichia c o l i  

f a e c a l i s  an& bookeri . 



30. MICROBIOLOGIC& ASPECTS QF THE PART1 STERILISATIQN 

OIL BY CILEMICALS. A R E V 1  OF TKE LIrnRATURE 

Hall ,  N. M. ,  Clegg, L. 'F. L. 

Proceedings of t he  Society of Applied Bacteyiology, 

V. 2, pp. 105-118, 1949 

Bacter ia  i n  s o i l  t r e a t e d  w i t h  a chemical s t e r i l a n t  a r e  

reduced i n  nlgqber for seve ra l  days and then increase ,  usua l ly  

within a ' f e w  weeks, to numbers exceeding those i n  untreated 

s o i l ,  The bac te r i a  then decrease toward the o r i g i n a l  numbers. 

The decrease may be very slow, taking over a year.  Toluene, 

formaldehyde, and ch lo rop ic r in  markedly r ep res s  s o i l  fungii .  

Actinomycetes, on the  o t h e r  hand, may be s t imulated by 

toluene and chloropic  e Sodium cyanide (200 ppm) prevents 

actinomycete growth. Formaldehyde is ,  a p a r t  from steam, 

considered t h e  b e s t  known s t e r i l a n t  f o r  general purposes, 

bu t  does no t  completely c o n t r o l  c e r t a i n  p l a n t  pathogens. 

74 reference8 



31, EVALUATION OF A NEW AERIAL GERMICIDE AGAINST 

AIRBORNE STAPHYLOCOCCUS AUREUS 

Andersen, A. A. 

Proceedings,  p. 162, 1963 

A new a e r i a l  germicide c o n s i s t i n g  of an a c t i v e  ?ingredient ,  

2-chloro-4-phenylpheno1, incorporated i n  a pressur ized  

conta iner  w i th  a so lven t  and a p r o p e l l a n t ,  i s  evaluated a g a i n s t  

ae roso l s  of aureus .and  spores  of Bac i l lu s  

s u b t i l i s .  The method of eva lua t ion  cons is ted  of determining 

t h e  decay r a t e  of t h e  b a c t e r i a l  ae roso l s  i n  a small  chamber 

wi th  and without t h e  a e r i a l  germicide being present .  The 

method i s  unique i n  t h a t  t he  effect  of very s h o r t  exposures 

of a i rborne  b a c t e r i a  t o  ae i a l  germicides can be measured 

more p rec i se ly .  By u s e  of the  method ou t l ined  extremely 

poten t  a e r i a l  germicides may be evaluated a g a i n s t  h ighly  

s e n s i t i v e  a i rbo rne  microorganisms. The procedure r e q u i r e s  

a minimum of t i m e .  The equipment i s  simple and r e l a t i v e l y  

inexpensive.  

t o  be, extremely e f f e c t i v e  a g a i n s t  airbornre Staphylococcus 

aureus.  2.2 micrograms of. t h e  a c t i v e  substance pe r  l i t e r  of 

The 2-chloro-4-phenylphenol ae roso l  was found 

I 

a i r  completely e l imina ted  aerosols o f  52,000 s t a p h  p a r t i c l e s  

- ,, : . . .  per l i t e r  i n  two minutes.  The germicide was only moderately 

effective a g a i n s t  spores  of Bac i l lu s  s u b t i l i s .  I n  areas of 



31. Cont'd 

the h o s p i t a l  t h a t  could be c losed  f o r  s h o r t  per iods  such a s  

opera t ing  rooms, c l o t h e s  chu te s ,  e tc . ,  where i t  i s  extremely 
2 

important t o  reduce the  s t a p h  count t o  a minimum o r  where 

i t  i s  known t h a t  h igh  counts  of s t a p h  a r e  fou& i t  should be 

poss ib le  t o  e l i m i n a t e  o r  g r e a t l y  reduce the  staphylococci. w i t h  

t h i s  a e r i a l  g e m i c i  



3 a o  GERMICIDAL EFFECTS OF 

Coulthard , c * e , Sykes, G. 

Pharmaceutical Journal, v. 137, pp. 79-81, 1936 

(Abstracted i n  Chemical Abstracts ,  v. 31, p .  501b7) 

Sporicidal act ion of 70 percent alcohol  i s  increased by 

addition of 1 percent sodium hydroxide, potassium hydroxide, - 

hydrochloric ac id ,  su l fur ic  a c i d ,  phospho 



33. DESTRUCTION OF BACILLUS SUBTLLXS SPORES ZTM SQLUTIQNS 

OF SODIUM WYDROXIDE 

Whitehouse, Re L., Clegg, L. P. L. 

Journal  - of  Dairy Research, v. 30, pp. 315-322, 1963 

The des t ruc t ion  r a t e  was s tud ied  over t he  temperature 

range 34-82 F t o  obta in  information app l i cab le  t o  immersion 

cleaning of d a i r y  u t e n s i l s  and t o  cons ider  t he  na ture  of t h e  

d i s i n f e c t i o n - c u r v e s  upon slowing the  r a t e  of d i s i n f e c t i o n .  

A t h r e e  dimensional graphica l  a n a l y s i s  showed t h a t  an inc rease  

i n  temperature from 34 t o  82 F had a more s i g n i f i c a n t  effect  

on spore d e s t r u c t i o n  than an inc rease  i n  sodium hydroxide 

concent ra t ion  from 1.5 t o  5.0 percent .  The o v e r a l l  e f f e c t  

could 'be  expressed a s  t 2.6 X 10 /C  1*66-&3079, where t 

time i n  hours f o r  99 percent  d e s t r u c t i o n  of spores ,  C t 

sodium hydroxide concentrat ion expressed as percent  weight/  

volume, and $= temperature i n  Fahrenheit .  Since t f o r  a 

2 percent  sodium hydroxide s o l u t i o n  a t  34 F i s  5 times tha t  

of a 5 percent  s o l u t i o n ,  immersion c leaning  i n  cold climates 
c -  

might be a s g i s t e d  by increas ing  t h e  sodium hydroxide 

concent ra t ion  from the  normal '2-3 t o  5 percent .  D i s in fec t ion  

tests a t  l o w  temperatures were r a t h e r  v a r i a b l e  i n  r e s u l t s  

and prevented a c a r e f u l  study of t h e  na ture  of d i s i n f e c t i o n  

s although such curves are e s s e n t i a l l y  sigmoidal.  

c 



34. THE C E M I C A L  E CEKENT OF BACTERIAL RADIO-SENSITIVITY 

I N  TIHE RADIATION STZRILIZATION OF FOODS 

P h i l l i p s ,  A. W e  

September 1, 1955 December 31, 1957 

Contract No. DA 19-129-QM-524 

S-546 Report No. 12, 67 pp. 

Final  Report 

Several  compounds were found t o  be s y n e r g i s t i c  o r  

complementary wi th  X-irradiat ion i n  i n a c t i v a t i n g  spores of 

Baci l lus  thermoacidurans, - B e  s u b t i l i s ,  and - B. cereus. 

Ethylene oxide and propylene oxide had s y n e r g i s t i c  a c t i v i t y  

wi th  I B. thermoacidurans and - B. s u b t i l i s .  Alpha-amino-q-butyric 

ac id  was Synerg is t ic  wi th  r ad ia t ion  toward - B.  cereus spores.  

Compounds found t o  be complementary . with  X-irradiat ion i n  

spore i n a c t i v a t i o n  include sorb ic  a c i d ,  sodium d i a c e t a t e ,  

1,2=pCopanediol, benzalkonium ch lo r ide ,  malonic a c i d ,  maleic 

ac id  and sodium desoxycholate. - B. s u b t i l i s  spores were more 

r a d i o r e s i s t a n t  than those of I B. cereus o r  - B. thermoacidurans. 

The r e spec t ive  Do values  were about l5O,OOO, 80,000 and 50,000 

rad.  Milk and f r e s h  meats were s t e r i l i z e d  by combining 

r ad ia t ion  and ethylene oxide treatment using 100,000 rad  o r  

less r a d i a t i o b  

the s t e r i l i z i n g  dose from 2 X 10 

An effective synergist: should probably reduce 

6 r e p  t o  lo5 r ep  o r  less. 

J 



Swiss Patent NO. 214,287, J U ~ Y  1, 1941 

(Abstracted in Chemical Abstracts, v. 36, p.  4 9 4 ~ ~ )  

Trioxyethylene is heated II in vacuo to produce 

formaldehyde vapo e Steam is introduced to hinder 

polymerization of formaldehyde and to lessen the distillation 

OB formaldehyde and 

steam is injected i iCh d i g i n f e c t i o n  



36, THE BAC RICIDAL ACTION 0 OZONE SOLUT 

W u h ~ a n n ~  K. M 

fuer Schweizerische __1__ 

_.__ und , V. 18, pp. 1060-1069, 1955 

te and bica 

QZOne-aiF 8 .  The contact t h e  F ired t o  kill, 99.99 

Escherichia ____. co l i  o he Baci l lus  

cereus group was det  mined .  A t  12 c and p~ 7.0 ,  20 gamma/l 

one killed 99 pe rat of ge I___ c o l i  

i n  180, 1.5, and 0 . 2  min ~ e s p  c t i v e l y ,  Ozone killed t h  

spores 300 times fabter than similar concentrations of chlo 

dioxide or hypochlorite.  A p l o t  of the log of  the t h  

the ozone concentration was a s tra ight  l i n e ,  Spores 

greater resistance to  ozone. 

1 



37. STERILIZATION OF DRY GELATIN 

Xayr, ‘G.  ,, Kaemerer ,  H. 

Mi t te i lungfn  - d e r  Versuchsstat ion -7 f u e r  das  Gaerungsgewerbe 

sowie 7 des I n s z i t U t e s  - fixer Angewandte Mikrobiologie 

v. 11, p .  9 ,  1957 ( I n  G e n a )  
. . .  

(Abstracted in Chemical J -bs t r ac t s ,  v. 51, p .  13249 g ,  

Dry g e l a t i n  can be s t e r i l i z e d  wi th  gaseotis mixtures of 

e thylene  oxide and propylene oxide or ethylene oxide and 

methylene Sronide in concent ra t ions  of 1000 g per  cubic  meter 

a t  ten.peratures from.25 t o  30 C and a r e l a t i v e  humidity of 

55 t o  70 percent .  



3& STERILI ION OF DRY EGG ER THYUNE OXIDE 

Mayr, G . ,  Kaemmerer, H. 

I der  Versurhsstat ion -- fuer  das 

sowie I_ des  I n s t i t u t e s  I__ fuer  

v. 11, pp. 9-11, 1957 ( In  German) 

ac ted  i n  Chemical Abstracts ,  v. 51, p.  13249 g ,  

1957) 

Powdered dry eggs can be s a t i s f a c t o r l y  s t e r i l i z e d  w i t h  

e thylene  oxide  i n  a conc n tra t ion  of 750 g per cubic meter 

wi th in  6 hours.  NQ in f luence  the prote ins  and f a t t y  a c i d s  



THVE PROCEDURE FOR -MICROB 

F GASEOUS AGENTS 

Pan, C . - H e ,  Gast ,  J. H. 

Two p i e c e s  o us  have been designed f o r  t e s t i n g  

an t i -mic rob ia l  ac t  pe rmi t t i ng  d i r e c t  gaseous 

exposure of organisms on a m i l l i p o r e  f i l t e r ;  the  o t h e r  allow- 

i n g  incubat ion w i t h  shaking an asurement of absorbance o f  

t h e  suspension. 

microorganisms t r i e d  %s as follows: The b a c t e r i a l  suspension, 

The p ocedure wi th  the  d i f f e r e n t  gases and 

ad jus t ed  t o  an o p t i c a l  d e n s i t y  of 0.1, is  f i l t e r e d  a t  unifo 

negat ive p re s su re  and both  f i l t e r  pad and f i l t e r  a r e  t r ans -  

posure vess 1. The gas 

introduced i n  a metered stream oE c a r r i e r  g a s ,  i s  t e s t e d  a t  

d i f f e r e n t  concen t r a t ions  and exposure times. 

conta in ing  t h e  exposed organisms i s  t r a n s f e r r e d  t o  t h e  growth 

chamber from which O.D. measurements are made by i n v e r t i n g  

t h e  suspension i n t o  t h e  a t t a c h e d  absorbance tube.  

The f i l t e r  

The same 

volume of f l u i d  as  used in t h e  o r i g i n a l  suspension is added, 

the vessel &ken for 30 sec, and the absorbance measured. 

Optical. d e n s i t y  readings  i d e n t i c a l  w i t h  the s t a r t i n g  values 

are obtained by proper handling. 

cubeted end shake 

The growth chamber is i n -  
r , 

for two hs in a Dubnoff shaker and o p t i c a l  

d e n s i t y  readings  m de a t  i n t e  a l s .  Using 1.0 m g / l i t e r  dry  



fomahdehyde i n  e i t h e r  salebon dioxide o r  a i r ,  and 5 percen 

ide iln carbon dioxi e no growth was observed a f t e r  

om f i l t e r s  containing Escherichia - c o l i  exposed for 

osed simila ly t o  c a r r i e  



Y. g b  no. 3, p.  256, 1961 

oxide is used t o  sterl ize  su r faces  and o b j e c t s  

t h a t  cannolt: be. t r e a t e d  wi th  hea t  o cor ros ive  chemicals.  

P l a s t i c  p a r t s  of equipment considered contaminated wi th  a 

v irus  were badly damaged and sof tened  Sollowing 5-hr  exposur 

t o  an e thylene  oxide (11 p e r c e n t )  - Freon 11 (44.5 pe rcen t )  - 
Freon 12 (44.5 percent )  gaseous s t e r i l a n t  a f t e r  prehumidif icatfon.  

Samples of t h e  thermoplas t ics  were obtained and subjec ted  t o  

the gaseous s t e r i l i z a t i o n  proceduree P l a s t i c s  were also 

placed i n  Freon 11 f o r  5 hr a t  37 C and in l i q u i d  e thylen  

a t  25 C for 4 h ing t a b l e  s m a  

r e s u l t s .  

Damaged by 

Gas Liquid 

Teni te  
(Cel lu lose  a c e t a t e  

butyrate) Yes 

Styron 480 
(polystyrene r e s i n )  Yes 

Zytel 101 
(nylon r e s i n )  No 

No 

Yes 

No 

Yes 

Yes 

No 

r 



40, C ~ n t ~ d  

The stability o plastics contemplated for exposure to 

a gaseous s t  i l a n t  s h ~ u l  

which will i 08s damage to the mat 



THE AGE OF BACILLUS SUBTILZS 

CE TO E m u r n  0 

Bomar, M e  

LoI_ Fol i a  V. 7 ,  pp. 259-261, 1962 

Sporulated cells  of B a c i l l u s  s u b t i l i s  s t r a i  

d r i e d  ora 3 l c ~ ~ n  g l a s s  beads and incubated f o r  2-14 days a t  

0 and 92 pesce t r e l a t i v e  humidity a t  20 6 .  The beads 

(1.6-2.6 X lo7 ce l l s  p r bead) we e then exposed t o  e t h y l  

oxide in 300 m l  blood b o t t l  s by flowing ethylene oxide 

through t h e  b o t t l e s  a t  a r a t e  of 8.1-0.2 cu m per  m i n  and 

then s e a l i n g  t h e  b o t t l e s .  Spore s u r v i v a l  was s tud ied  

q u a l i t a t i v e l y  by p lac ing  beads i n  glucose n u t r i e n t  b ro th  

an  mining the t 

a t  30 C. Quan t i t a t ive  tes ts  were performed by p lac ing  beads 

i n  molten a g a r  and a f t e r  a g i t a t i n g  beads i n  d i s t i l l e d  water .  

f o r  txrbidlt y during 6 days incuba t io  

Spores were exposed t o  e thylene  oxide f o r  6 h r  a t  20 C p r i o r  

t o  c u l t u r i n g  t h e  beads. It was found t h a t  spores  s t o r e d  f o r  

8-14 days had f a r  g r e a t e r  r e s i s t a n c e  t o  e thylene  oxide than 

0-4 day-old spores .  

condittons of humidity were s i m i l a r .  

percent  r e l a t i v e  humidity f o r  4 days p r i o r  t o  e thylene  oxide 

exposure had ze ro  surv ivor  whi le  spores  maintained f o r  8 

days p r i o r  t o  expos re had 4~ x 103 surv ivors .  

in each p repa ra t ion  had 81 and 90 X lo6 spores  r e spec t ive ly .  

Resul t s  with spores  s t o r e d  a t  both 

Spores s t o r e d  a t  92 

 he c o n t r o l s  



42. PENETRATION BY GASES TO STERILIZE INTERIOR SURFACES 

OF ONFINED SPACES 

Opfe l l ,  J. B . ,  Wang, Y.-I. , Louderback, A .  I,. 

K i l l e r ,  C, E .  

Microbiology, v. 12,  no. 1, pp. 27-31., 1964 

A t h e o r e t i c a l  d i scuss ion  i s  presented concerning t h e  

pene t ra t ion  of e thylene  oxide through a small  o r i f i c e  i n t o  

confined spaces  f i l l e d  w i t h  a i r  a t  atmospheric pressure  and 

devoid o f  convection c u r r e n t s .  The d i f f u s i o n  c o e f f i c i e n t ,  

Dv, f o r  s e v e r a l  gases  was ca l cu la t ed .  

(0.337 f t 2 / h r ;  80 F) i s  almost a s  l a r g e  a s  t h a t  f o r  e thylene  

oxide (0.482; 80 F ) .  The low pene t r a t ing  a b i l i t y  of be ta -  

Dv f o r  beta-propiolactone 

propiolac tone i s  due t o  i t s  low s a t u r a t i o n  pressure  i n  t he  

vapor s t a t e .  This  proper ty  a l s o  l i m i t s  pene t r a t ion  of 

formaldehyde vapor a t  temperatures below the  decomposition 

temperature of paraformaldehyde. Data i s  given f o r  p r e d i c t i n g  

t h e  minimal t ime r equ i r ed  f o r  t he  concent ra t ion  of a s t e r i l i z i n g  

gas  t o  reach  a c e r t a i n  l e v e l  a t  a remote su r face  i n  a 

confined space.  For r a p i d  pene t r a t ion ,  convection i n  

addi t ion  t o  d i f f u s i o n  i s  e s s e n t i a l .  

13 re ferences  



Public Health 

Publication No. 903, U. SI D of Health, Education, 

A review and eval e t ~ y l e ~ ~  oxide s t e r i l i z a t i o n  

procedures is presen ed, Doubling he ethylene oxide 

ion reduces he steriliza ion t h e  about one-half. 

Bactericidal a c t i v i t y  i n c  eases by a factor  of 2.74 fo r  each 

10 C r i s e  within the range 5-37 C. -Hmbdi y i s  an important 
-. 

fac tor  i n  the k i l l i n g  action. - B, subtdl is  var,  SpQreS 

at, 28 percent r e l a t ive  humidi y are  k i l l e d  4 times as rapidly 

as  a t  65 perc nd dly as a t  97 peg- 

cent r e l a t ive  humidity. A va r i e  y of bacter ia ,  spores, and 

pathogenic fungi were exposed t o  a mixture of 11 percent 

ethylene oxide and 89 percent halogenated hydrocarbons i n  t h i s  

study by .u t i l i z ing  a gas s t e r i l i z e r  i n  which the material  

was subjected t o  an i n i t i a l  vacuum, exposed t o  the gas s t e r i l a n t  

under about 15 l b  pressure f o r  2 or more hours a t  132-140 F, 

and removed from the chamber a f t e r  a f i n a l  vacuum treatment 

t o  remove the gas. 
-/ 

All organisms were k i l l e d  i n  two hours i n  

the presence of 1000 mg/l ethylene oxide a t  30-50 percent 

r e l a t ive  humidity. Medical equi e n t  and other objects were 





QN QF TISSUE CUL'EIJRE 

Brown, B. L e ,  Fuer s t ,  Re 

Science, V. 142, ppe 165401655, 1963 

Under condi t ions  of 60-80 percent  r e l a t i v e  humidity, 37 C, 

osure t h e  Qf h i t  l e a s t  24 hours,  1 percent by 

volume of e thylene oxide k i l l e d  l a rge  i n o c u l u m  of Aerobacter 

Escherichia P c o l i ,  and Bac i l lu s  megaterium 

bacteriophage which had been added t o  the  t i s s u e  c u l t u r e  

media. 

HeLa cell  c u l t u r e  was also k i l l e d .  

A yeas t - l i ke  organism i s o l a t e d  frm a contaminated 

It is  proposed t h a t  

ethylene oxide be considered f o r  s t e r i l i z a t i o n  of heat- 

sens i t i ve  chemicals add 



TICS OF BACTERICIDAL ACTIVITY OF ETHYLENE OXIDE 

I N  THE VAPOR PHASE. I, EFFECTS OF CELLULAR WATER 

ACTIVIm 

E l - B i s i ,  H. M. ,  Vondell ,  R. M . ,  E s s e l e n ,  W. B. 

9 B *  1 3 ,  1963 

Comparative r e s i s t a n c e  s tudy was conducted among s e l e c t e d  

b a c t e r i a ,  exposed t o  d ry  e thylene  oxide vapor (ETO) a t  60 C 

and 5 ps ig .  Vapor dea th  r a t e s  (VDR) of desiccant-dry populat ions 

increased wi th  r e s i d u a l  bound water  conten t .  - S. f a e c a l i s  exhib- 

markedly higher K ~ ~ ~ ~ t a n ~ e  than a l l  sporogenous types 

(c e >.- B. s tearothermophilus ,  - B. s u b t i l i s  v a r .  n i g e r  

and - B. coagulans,  i n  a descending order ) .  

populat ions were exposed, D va lues  were 10, 41, 3 2 ,  95, 92 and 

When water-suspended 

42 see respec t ive ly .  No r e l a t i o n  was noted between r e l a t i v e  

r e s i s t a n c e  t o  ET0 and t h a t  t o  moist  hea t ,  - B. s u b t i l i s  and 

- S. f a e c a l i s  were s e l e c t e d  for studying effect  of precondi t ioned 

c e l l u l a r  water  a c t i v i t y  (aw) . Sorpt ion-desorpt ion r a t e s  were 

determined t o  e s t a b l i s h  appropr i a t e  parameters for precondi t ion-  

ing and c o r r e l a t e  such behavior w i th  VDR. 

f a e c a l i s ,  B. s u b t i l i s  sorped moisture  a t  h igher  r a t e s  than 

for desorpt ion.  

then exposed t o  dry  ETO, death was i n i t i a l l y  accelerated 

Contrary t o  - s. 

When precondi t ioned a t  i nc reas ing  a, l e v e l s  



45. ContDd 

through varying i n t e r v a l s ,  then VDR curves t a i l e d  out  

i n d e f i n i t e l y .  Precondi t ioning s u b t i l i s  up t o  0.87 a, 

rendered populat ion as s e n s i t i v e  a s  t h a t  exposed i n  a water- 

suspended s t a t e ,  whereas - s. f a e c a l i s  requi red  precondi t ion-  

i n g  a t  100 percent  RM t o  acqui re  equiva len t  s e n s i t i v i t y .  

Effect of c e l l u l a r  water  a c t i v i t y ,  t h e r e f o r e ,  i s  a func t ion  

o f  desorp t ion  r a t e  of contaminating f l o r a  

l e v e l  and inhe ren t  dea th  r a t e .  One dec i s ive  f a c t o r  which 

i n i t i a l  populat ion 

remains undetermined i s  the  contaminated m a t e r i a l ,  i t s  

sorpt*ion-desorption c h a r a c t e r i s t i c s  and b u l k / v a p o r . r a t i o .  



. 
46. KINETICS OF BACTERICIDAL ACTIVITY OF ETHYLENE OXIDE 

IN THE VAPOR PHASE. II. EFFECT OF STERILANT HUMIDITY 

E l - B i s i ,  H. M., Vondell ,  R. M e ,  Esselen, W. B. 

9 Pe 13, 1963 

This phase of s tudy was aimed a t  determining the  i n -  

dependent effect  of  s t e r i l a n t  humidity and i t s  i n t e r a c t i o n  

wi th  c e l l u l a r  water  a c t i v i t y .  Vapor dea th  r a t e s  (VDR) were 

e s t ab l i shed  for desiccant-dry populat ions exposed to e thylene  

oxide vapor (ETO) a t :  5 ps ig ,  60 C and d i f f e r e n t  r e l a t i v e  

humidi t ies  (percent  RH). All VDR curves conformed wi th  t h e  

kinet ics  of  1st o rde r  r eac t ion .  F o r B .  s u b t i l i s  a t  d ry ,  35, 

45, and 55 percent  RH; D values  (2.3 k" l )  were 312, 54, 38, 

andl 57 sec r e spec t ive ly .  optimum VDR was ac ta ined  a t  45 per- 

cent RH; lower l e v e l s  d i d  not  s e n s i t i z e  exposed c e l l s  enough, 

whereas h igher  l e v e l s  introduced a d i l u t i o n  effect  on ETQ 

g rad ien t  t o  c r i t i c a l  c e i l u l a r  s i te  ( s ) .  For - S. f a e c a l i s  

a t  dry ,  35, 45, 55 and 65 percent  RH; D va lues  were oc, 154, 

23, 17 and 6 sec re spec t ive ly .  Optimum percent  RH was t h e  

h ighes t  l e v e l  t e s t e d .  Due t o  c e r t a i n  appara tus  l i m i t a t i o n ,  

i t  was d i f f i c u l t  t o  a t t a i n  higher  percent  RH l e v e l s .  

Problem has been co r rec t ed  and f u r t h e r  determtnat ions a r e  

c u r r e n t l y  being c a r r i e d  out.  

c e l l u l a r  water a c t i v i t y  l e v e l  upon consequent optimum 

Effect of preconditioned 

. .  

I 
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s t e r i l a n t  humidity l e v e l  was n e g l i g i b l e  under p r e s e n t  t e s t  

condi t ions .  The only e f fec t  observed was s l i g h t  de l ay  i n  

i n i t i a l  l a g  when t e s t  popula t ions  were precondi t ioned t o  

higher  aw l e v e l s .  This,  a g a i n ,  is most l i k e l y  due t o  a 

d i l u t i o n  effect  on ET0 gFadient  t o  c r i t i c a l  c e l l u l a r  s i t e ( s ) .  

It is expected t h a t  d i f f e r e n t  c e l l u l a r  types and forms 

would respond d i f f e r e n t l y .  

and its bulk/vapor r a t i o  remains undetermined. 

Effect of contaminated m a t e r i a l  



e KINETICS OF BACTERICIDAL ACTIVITY QF ETKYLENE 0 

I N  TKE VAPOR PHASE, III. EFFECT OF STERILANT 

TEMPERATURE AND PRESSURE 

E l - B i s h ,  H. M . ,  Vondell ,  R. M . ,  E s s e l e n ,  W. B. 

Vapor dea th  r a t e s  (VDR) w e r e  e s t a b l i s h e d  f o r  des iccant -  

dry  I B. s u b t i l i s ,  exposed t o  e thylene  oxide vapor (ETO) a t  

5 ps ig ;  50 ,  60,  70 and 80 C;  d ry  and 45 percent  RH l e v e l .  

I n  dry ETO, D values  were 408, 312, 205 and 113 sec  re- 

spec t ive ly .  a t  45 percent  RH, D values  were 58, 38, 24 sec 

re spec t ive ly ,  It was d i f f i c u l t  t o  provide same percent  RH 

a t  80 C due t o  the  appara tus  cold- terminal  l i m i t a t i o n  pre- 

v ious ly  reported.  I n  bo th  dry and 45 percent  RH ET0 t h e  Qao 

a r l y  constant and averag d 1.5, corresponding t o  z 

value  of about 100 F. Other thermodynamic expressions 

(E,  bH, AF and AS) were computed. Q l o  i s  markedly lower 

than tha t  normally encountered i n  dea th  by moist  hea t  and 

a typ ica  1 of p r o t e i n  dena tura t ion .  

repea ted  a t  same temperatures bu t  a t  d i f f e r e n t  percent  RH 

l e v e l s ,  predesignated t o  provide a cons tan t  p a r t i a l  water  

vapor p re s su re ,  namely, t h a t  corresponding t o  45 percent  RH 

a t  60 6 .  It was ev ident  t h a t  percent  RH, r a t h e r  than 

absolu te  p a r t i a l  water vapor p re s su re ,  governed death 

k i n e t i c s ;  D values  a t  50, 60,and 70 C, were 97, 38 and 38 sec 

VDR de termina t h n s  were 
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r e spec t ive ly .  A t  50 C h igher  percent  RH caused f u r t h e r  de- 

c rease  i n  VDR, whereas a t  70 C temperature effect  was counter- 

balanced by suboptimum percent  RH e f f e c t ,  To explore  the  

effect  of s t e r i l a n t  p re s su re ,  desiccant-dry - B e  s u b t i l i s  

spore populations were exposed t o  ET0 at 60 C; dry ,  35 and 

45 percent RH; 15, 20 and 25 p s i a .  Highest, VDR remained 

a t t a i n a b l e  a t  45 percent  RH; D values  were 58, 38 and 36 sec 

re spec t ive ly .  Increase  i n  s t e r i l a n t  pressure  seems t o  

a c c e l e r a t e  t h e  VDR a t  e o n e n t i a l l y  diminishing r a t e ,  o r  

perhaps l e v e l s  o f f  a t  a c e r t a i n  c r i t i c a l  t o t a l  p ressure  value.  

. I  



48, A SELF-STERILIZING COATING FOR SPACECRAFT SURFACES 

Wil lard,  Me, Alexander, A. 

Nature,  v. 202, pp. 658-659, 1964 

S t e r i l i z a t i o n  techniques chosen f o r  t h e  Surveyor space- 

c r a f t  inc lude  hea t  s t e r i l i z a t i o n  t o  achieve i n t e r n a l  s t e r i l i t y ,  

and gas  s t e r i l i z a t i o n  w i t h  12 percent  e thylene  oxide - 88 per- 

c e n t  Freon 12 t o  achieve e x t e r n a l  s t e r i l i t y  p r i o r  t o  launch- 

ing .  Cer ta in  Surveyor su r faces  r e q u i r e  a thermal c o n t r o l  

coa t ing  subsequent t o  h e a t  s t e r i l i z a t i o n  which might in t roduce  

embedded v i a b l e  organisms. The gas  s t e r i l a n t  does not  

pene t r a t e  t h e  coa t ing  s u f f i c i e n t l y  t o  s t e r i l i z e  the  sur faces .  

A s e l f - s t e r i l i z i n g  coa t ing  was prepared by adding 3.7 percent  

formaldehyde t o  t h e  potassium sil icate-aluminum s i l i c a t e  

coa t ing  formulation. Aluminum coupons w e r e  inocula ted  wi th  

107 Bac i l lu s  s u b t i l i s  spores ,  d r i e d  i n  a i r  and pa in ted  w i t h  

0 . 1 m l  of t h e  formaldehyde-coating m i x t u r e .  The coupons w e r e  

d r i e d  a t  37 C f o r  24 h r  and the  coa t ing  removed by u l t r a s o n i c  

scrubbing i n  d i s t i l l e d  water .  D i lu t ions  were p l a t e d  i n  

t ryp tone  glucose extract aga r ,  and t h e  poured p l a t e s  were i n -  

cubated a t  37 C for  19 days.  Colony counts  were made d a i l y  

after 48 hr incubat ion.  

samples was determined weekly f o r  four weeks a f te r  prepara t ion .  

Viable organisms were not recovered a t  all wi th  one p a i n t  sample. 

The s t e r i l a n t  a c t i v i t y  of t h r e e  p a i n t  
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Coupons exposed t o  f r e s h  mixtures  of the  o t h e r  two p a i n t  

samples had lO-150 v i a b l e  spores ,  but  su rv ivo r s  were n o t  

de tec ted  i n  a l l  subsequent t r i a l s .  Colonies f i r s t  appeared 

a f t e r  14 days incubat ion i n  tests which showed surv ivors .  



49. ENCAPSU TLON PROCESS S E R I L I Z E S  PRESERVES 

SURGICAL INS" NTS 

Montgomery, L. C . ,  o r e l l i ,  F.  A. 

-Y NASA Tech Brief 64-10066, July 1964 

A poss ib l e  s o l u t i o n  o t h e  problem of s t e r i l i z i n g  

s u r g i c a l  instruments  i n  an encapsula t ing  m a t e r i a l  t h a t  w i l l  

main ta in  a st condi t ion  i n d e f i n  t e l y  i s  descr ibed ,  

Steam autoc lav ing  i s  n o t  r e q u i r e d ,  and t h e  encapsula t ing  

m a t e r i a l  i s  r e a d i l y  removable. Ethylene oxide gas  OK l i q u i d  

i s  mixed w i t h  a s u i t a b l e  p l a s t i c i z e r  and uncured polymer t h a t  

do not r e a c t  w i th  e thy lene  oxide.  Xnstruments a r e  dipped i r e -  

t o  a s o l u t i o n  of t h e  m i x t u r e  and removed f o r  vacuum degass- 

nt mehat sterili 

occurs during the  degassing and cur ing  process during which 

a l l  instrument s u r f a c e s  a r e  exposed t o  the  s t e r i l i z i n g  a c t i o n  

of t he  r e l e a s e d  e thylene  oxide.  A r e s i d u a l  quan t i ty  of t h e  

s t e r i l a n t  remains d i f f u s e d  w i t h i n  t h e  adherent  s o l i d  polymer 

film. This  process  developed from NASA's sea rch  f o r  methods 

of s t e r i l i z i n g  and p r o t e c t i n g  space hardware a g a i n s t  micro- 

organisms. 



50. ALTERATIONS IN SENSITIVITY TO DMGING AGENTS BY 

CULTURAL CQNDITXQMS IN ESCrnRICHU COLI 

, p. 60, 1962 

It has been demonstrated t h a t  cond i t ions  t h a t  occur 

- during the  growth cyc le  of s e v e r a l  s t r a i n s  of Escherichia  

c o l i  d e t e m i n  the  s e n s i t i v i t y  of t h e  r e s u l t i n g  c e l l  popul- 

a t i o n  t o  i n a c t i v a t i o n  by r a d i a t i o n ,  h e a t ,  and t o x i c  chemical. 

__I_ 

agents .  It is  known t h a t  the  a l t e r a t i o n s  i n  r a d i o r e s i s t a n c e  

ed a r e  t h e  r e s u l t  of a complex i n t e r a c t i o n  of a 

number of known and unknown f a c t o r s .  Although the  develop- 

ment  of r e s i s t a n c e  OCCUKS l a t e  i n  the s t a t i o n a r y  phase of t he  

culture cycle, aft cell d i v i s i o n  is reduc d ,  c e l l  d i v i s i o n  

is requi red  t o  a l t e r  t h e  s e n s i t i v i t y  of t h e  populat ion with-  

i n  short-term incubat ion per iods .  An i n v e s t i g a t i o n  of t h e  

response of i r r a d i a t e d  r e s i s t a n t  and s e n s i t i v e  populat ions 

of t h e  B / r  s t r a i n  t o  simple and complex media i n d i c a t e s  t h a t  

t h e  expression of r e s i s t a n c e  is  dependeht on p o s t - i r r a d i a t i o n  

n u t r i t i o n a l  supplementation. 

f o r  t he  s e n s i t i v e  and r e s i s t a n t  cells  suggest  t h a t  rad io-  

r e s i s t a n c e  reflects t h e  r e l a t i v e  capac i ty  of t h e  two types 

The d i f f e r e n t i a l  medium effect 

of cells t o  r e p a i r  damage incurred by t h e  i r r a d i a t i o n .  The 

expression of radiat ion-induced muhation a t  s e v e r a l  l o c i  i n  
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r e s i s t a n t  and s e n s i t i v e  opudations of ce l l s  i s  being 

inves t iga t ed  a s  a necessary p a r t  of t he  eva lua t ion  of t he  si tes 

involved i n  t h e  r e p a i r  process.  

6. 



51-3 REMYDMTXON 

Cabe l l i ,  V. J. 

OF DRIED BACTERIA 

3 p. 125, 1962 

An i n v e s t i g a t i o n  was conducted i n t o  the  mechanisms by 

which ae roso l i zed  b a c t e r i a  a r e  rendered non-recoverable upon 

rehydrat ion.  

t u l a r e n s i s ,  s t r a i n  Schu, over a 24 h r  per iod immediately 

following c o l l e c t i o n  i n  t he  a l l - g l a s s  impinger was used a s  

t h e  test condi t ion .  

(pH 7.0) markedly increased  t h e  s u r v i v a l  of  rehydrated - P. 

The s u r v i v a l  of ae roso l i zed  P a s t e u r e l l a  

L-cysteine and phosphate buffer  mixtures  

t u l a r e n s i s .  This effect  was found t o  be s p e c i f i c  and not  'a 

consequence of the  an t i -oxidant  P r o p e r t i e s  of t h e  c y s t e i n e  o r  

the buffer ing capac i ty  of t h e  phosphates,  The e f f e c t i v e n  

of var ious monosaccharides and t h e i r  polyhydric a l coho l  

d e r i v a t i v e s ,  when p resen t  by themselves o r  i n  combination 

w i t h  i - i n o s i t o l  o r  sucrose ,  appeared t o  depend on t h e  l e n g t h  

of t he  carbon chain.  Marked improvement in t h e  s u r v i v a l  of 
\ 

t h e  organisms i n  so lu t ions ,o f  amylose, so lub le  s t a r c h  o r  

glycogen b u t  no t  i n u l i n  or  d e x t r i n ,  was observed when i n o s i t o l  

a l so  w a s  included i n  t h e  c o l l e c t i n g  f l u i d ,  

s t u d i e d ,  melezitose appeared to be t h e  most e f f i c a t i o u s  for  

O f  t h e  carbohydrates  

t h e  s u r v i v a l  of rehydrated - P. t u l a r e n s i s .  The d i f f e r e n c e s  

observed between t h e  v a r i o u s  carbohydrates were l a r g e l y  
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negated when they were t e s t e d  i n  t h e  presence of optimum 

concent ra t ions  of inorganic  phosphate and cys t e ine .  The loss 

from the  c e l l  of e s s e n t i a l  me tabo l i t e s  because of an a l t e r e d  

c e l l  p e m e a b i l i t y  r e s u l t i n g  from a e r o s o l i z a t i o n  i s  pos tu l a t ed  

as a major f a c t o r  i n  t h e  dea th  of t h e  micro-organisms on 

rehydra t ion ,  It i s  suggested t h a t  t h e  va r ious  carbohydrates  

are e f f e c t i v e  by decreasing t h e  permeabi l i ty  OS the  c e l l  w a l l  

or ce l l  membrane and by reducing t h e  osmoti 

ce l l  t o  i t s  e n v i r o m e n t .  

g r a d i e n t  of the 



52, SURVIVAL OF ESCHERICHIA - C O L I  FROZEN I N  CELL EXTRACTS 

Ambrosini, R. A , ,  Bretz ,  H. W. 

Bac te r io log ica l  Proceedings,  p. 6 $  1963 

E x t r a c t s  of 109 t o  10" washed Escherichia c o l i  cel ls / rnl  

prepared by f r e e z i n g  and thawing, by bo i l ing ,  o r  by auto- 

c lav ing  y i e l d e d  a p r o t e c t i v e  f a c t o r  e x t r a c t  (PFE) f o r  t he  

increased s u r v i v a l  of  2 X 10 8 E.  c o l i  t es t  cells/ml when 

frozen a t  -70 C f o r  5 min  and s to red  a t  -9 C f o r  7 days. 

/- 

- -  

Tubes conta in ing  5 r n l  were thawed 3 m i n  a t  37 C and v i a b i l i t y  

assessed  by aga r  smear p l a t e s  a f t e r  d i l u t i o n  i n  bu f fe r .  

i n  PFE averaged 61 percent  su rv iva l  i n  15 expts  compared t o  

Cells 

30 pe rcen t  i n  0.067 M Sorensen's phosphate bu f fe r  pH 7. 

Di lu t ion  of concentrated PFE o r  decreasing the  number of 

cel ls  from which PFE was ex t r ac t ed  decreased su rv iva l .  PFE 

was adsorbed by ce l l s  a s  shown by increased s u r v i v a l  of 

such p r e t r e a t e d  cel ls  when used a s  test ce l l s  and by a 

decrease of p r o t e c t a b i l i t y  of t h e  supernatant  a f t e r  adsorp t ion ,  

PF i s  probably not  a meta l  o r  small  molecule a s  shown-by 

ashing,  c h e l a t i o n ,  and d i a l y s i s  expts .  Surv iva l  was c o r r e l a t e d  

w i t h  t h e  carbohydrate  content  of PFE but prel iminary a t tempts  

t o  p u r i f y  the ma te r i a1  by f r a c t i o n a t i o n  procedures have 

given anomalous r e su l t s .  

PFE increased its ac t iv i ty  s l i g h t l y  i n d i c a t i n g  that  cell  

Norite treatment or d i a l y s i s  of 
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e x t r a c t s  c o n t a i n  both l a r g e  m o l  w t  p r o t e c t i v e  and sma l l  mol 

wt i n h i b i t o r y  subs tances .  The r e l a t i v e  propor t ions  of t hese  

two m a t e r i a l s  i n  t h e  cel ls  could account f o r  same of  t h e  

great  v a r i a b i l i t y  i n  f rozen  s t o r a g e  s t u d i e s .  



53.GERMINATION OF SPORES AS A CONSEQUENCE OF 

AEROSOLIZATION AND COLLECTION 

Levin, M e  A . ,  C a b e l l i ,  V .  J.  

Bac te r io log ica l  Proceedings,  p. 26, 1963 

I n  t he  course of  s t u d i e s  on the  a p p l i c a b i l i t y  of 

B a c i l l u s  s u b t i l i s  (va r  n i g e r )  spores  t o  func t ion  a s  a t r a c e r  

f o r  the  phys ica l  behavior of b i o l o g i c a l  a e r o s o l s ,  i t  was 

observed t h a t  t h e  "spores" were s e n s i t i v e  t o  s t r e s s e s  imposed 

by disseminat ion and c o l l e c t i o n  i n  l i q u i d  impingers.  This  

was manifested by decreases  i n  v i a b l e  recovery a s  a func t ion  

of  the  c o l l e c t i n g  device.  Germination during the  c o l l e c t i o n  

process  was shown by the  increased  r e l e a s e  of d i p i c o l i n i c  

a c i d ,  changes i n  s t a i n i n g  r e a c t i o n s ,  and hea t  s u s c e p t i b i l i t y  

w i t h  c o l l e c t i o n  time. The dependency of germination on the  

02 content  of t h e  a i r  sampled was shown by t h e  absence of  

t hese  man i fe s t a t ions  when N2 was used. The absence of a 

requirement f o r  an exogenous source of n u t r i e n t s  was demon- 

s t r a t e d  by t h e  man i fe s t a t ion  of t hese  effects  even though t h e  

hea t  shocked spore  suspensions were suspended o r  c o l l e c t e d  i n  

d i s t i l l e d  water .  

processes  was accomplished by t h e  a d d i t i o n  of skim mi lk  s o l i d s  

i n  t he  impinger f l u i d ;  of t he  skim milk f r a c t i o n s  s t u d i e d ,  

P ro tec t ion  of the  spores  during t h e  c o l l e c t i o n  

only l a c t o s e  was e f f e c t i v e  and i t s  p r o t e c t i v e  effect  was 



augmented by so lub le  s t a r c h ,  Evidence was obtained t o  show 

t h a t  l a c t o s e ,  but not  s e v e r a l  o t h e r  sugars  t e s t e d ,  was 

e f f e c t i v e  b y , v i r t u e  of a p r o t e c t i v e  a c t i o n  on the  gennina t ed  

spore.  The mechanism by which l a c t o s e  p r o t e c t s  the  c e l l s  

was demonstrated. 



54, SURVIVAL OF FREEZE-DRIED SERRATIA WRCESCENS AS 

A FUNCTION OF AGE 

Dimick ,  R. L., Dunn, S. A. 

Bac te r io log ica l  Procee,dLngs, p. 4 7 ,  1963 

I f  dea th  r a t e s  a r e  t o  be used t o  c o r r e l a t e  two pheno- 

mena (e.g.  dea th  during s to rage  i n  t h e  dry s t a t e  and 

"spontaneous" f r e e - r a d i c a l  production (Dimmick, - e t  -' a 1  1961, 

Nature 192, 776) i t  i s  important t o  know whether t he  r a t e s  

a r e  exponent ia l .  Samples of a growing c u l t u r e ,  obtained 1, 

2,3,5,7,11,15,18,21, and 24 h r  a f t e r  i nocu la t ion ,  were lyo- 

phylized wi thout  a d d i t i v e s .  Samples were frozen a t  temper- 

a t u r e s  of -20 and -65 C ,  and both  mineral  s a l t s  w i th  g l y c e r o l  

and t r y p t i c a s e  soy agar 'were  used a s  p l a t i n g  media a f t e r  

c u l t u r e s  were r e c o n s t i t u t e d .  R e s u l t s  of s t o r i n g  c e l l s  f o r  

15 days under vacuum a t  22 C were p l o t t e d  a s  surv ivor  curves ,  

and the  curves were assembled t o  form 3-dimensional models. 

W e  found: (i) some curves appeared t o  be logar i thmic ,  o t h e r s  

were n o t ,  depending upon c u l t u r e  age; (ii) when i n i t i a l l y  

f rozen a t  -20 C ,  ce l ls  i n  t h e  g rowthphase  survived s to rage  

b e t t e r  than when frozen a t  -65 C ;  dur ing the  s t a t i o n a r y  phase 

s u r v i v a l  was equal ,  whereas,  a f t e r  24 h r  growth, ce l l s  

survived s to rage  a f t e r  -65 C pre- t reatment  b e t t e r  than -20 C; 

(iii) t h e r e  was a rhythmic func t ion  of both c u x t u r e  age and 
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s torage  time - n e i t h e r  medium was "best". We concluded t h a t  

a r ap id  and a l t e r n a t i n g  response t o  subsequent f reeze-dry ing  

i s  induced i n  c e l l s  i n  a growing c u l t u r e ,  s i m i l a r  t o  t h e  in -  

duced response t o  thermal stress (Dimick,  1961, B a c t e r i o l .  

Proc . ,  p .  57) ,  and t h a t  t h e  ques t ion  of whether o r  no t  b a c t e r i a  

d i e  l oga r i thmica l ly ,  o r  by any random process ,  cannot be 

answered u n t i l  a b e t t e r  c r i t e r i o n  f o r  v i a b i l i t y  i s  a v a i l a b l e .  



55. EFFECT OF SODIUM CHLORIDE AXD pH OH THE OUTGROKTH OF 

SPORES OF TYPE E CLOSTRIDIlM BOTULIXUM AT 0PTI;"LAL ALUD 

SUBOPTIMAL TEMPERATURES 

Segner, I?. P. ,  Schmidt, C .  F . ,  Bol tz ,  J. K. 

Bac te r io log ica l  Proceedings,  p .  3 ,  1964 

The de termina t ion  of t h e  minimal pH pe rmi t t i ng  outgrowth 

of  spore inocula  o f  f o u r  s t r a i n s  of Type E - C .  botulinum i n  a 

medium conta in ing  5 percent  t r y p t i c a s e ,  0.5 pe rcen t  peptone, 

and 0.4 pe rcen t  glucose a t  opt imal  and suboptimal temperatures  

i s  a f f e c t e d  by the reducing agent  p re sen t  i n  the system. 

When the reducing agent  was sodium t h i o g l y c o l a t e  a t  0.02 per-  

c e n t  concent ra t ion  o r  L-cysteine hydrochlor ide a t  0.05 per-  

c e n t ,  outgrowth occurred a t  85 o r  46 F a t  s u b s t a n t i a l l y  lower 

pH values  than  when sodium t h i o g l y c o l a t e  was p re sen t  a t  a 

0.2 percent  concent ra t ion .  A t  85 F,  one s t r a i n  gave out- 

growth a t  pH 5.2 and 5 . 0 ,  whi le  three o t h e r  s t r a i n s  gave 

outgrowth a t  pH 5.4  b u t  no t  a t  5.2 and 5.0.  A t  46 F, spo res  

of the f o u r  s t r a i n s  tested showed outgrowth a t  pH 5.9 b u t  n o t  

a t  5.7. The s a l t  concent ra t ion  r equ i r ed  f o r  prolonged 

i n h i b i t i o n  o f  outgrowth of spores  of the same f o u r  s t r a i n s  i s  

considerably lower a t  46 and 50 than a t  70 and 85 F. 

concent ra t ions  s l i g h t l y  lower than those provid ing  i n h i b i t i o n  

S a l t  

tend t o  extend the incubat ion  time requ i r ed  f o r  growth t o  
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appear.  

may be i n t e r r e l a t e d  w i t h  spore inoculum leGel and medium 

composition. 

S a l t  concent ra t ions  r equ i r ed  f o r  prolonged outgrowth 



56. LONGEVITY OF AYAl2ROBIC SPOREFORMING BACTERIA PRESEXVED 

IN LYOPHIL AND I N  SOIL 

Haynes, W. C . ,  Rhodes, L. J. 

B a c t e r i o l o g i c a l  Proceedings,  p. 37, 1964 

Although l y o p h i l i z a t i o n  has proven r e l i a b l e  f o r  long- 

term prese rva t ion  of many b a c t e r i a ,  l i t t l e  has  been r e p o r t e d  

regard ing  t h e  longevi ty  of  l yoph i l i zed  anaerobic  sporeformers.  

For some of  them, p re se rva t ion  i n  s t e r i l i z e d  s o i l  has  been 

e f f e c t i v e ,  b u t  aga in  l i t t l e  has been r epor t ed  about longevi ty .  

I n  the  ALPS Cul ture  Co l l ec t ion ,  26 s t r a i n s  comprising 9 s p e c i e s ,  

m o s t  of them of i ndus t r i a ' l  importance,  were preserved  by 

l y o p h i l i z a t i o n  and by drying i n  s o i l .  To hedge a g a i n s t  

p o s s i b l e  l o s s  of c u l t u r e s ,  l y o p h i l  tubes and s o i l s  were 

r e p l i c a t e d  and prepared anew from t i m e  t o  t i m e .  S o i l  c u l t u r e s  

ranging i n  age up t o  20 yea r s  and l y o p h i l  p r e p a r a t i o n s  more 

than  13 y e a r s  o l d  were checked f o r  v i a b i l i t y  every f e w  yea r s .  

A l l  l y o p h i l  tubes  of 25 s t r a i n s  were v i a b l e  every time they  

were t e s t e d .  One s t r a i n  was e r r a t i c ,  sometimes su rv iv ing  a s  

long as 3 y e a r s ,  b u t  never  longer .  S o i l  c u l t u r e s  were less 

c o n s i s t e n t ,  Of s e v e r a l  tubes of a given age t e s t e d  a t  once,  

some u s u a l l y  are  v i a b l e ,  some,non-viable, and some v i a b l e  

only i f  heat-shocking i s  not  perfonned, However, one o r  more 

soil c u l t u r e s  of each  of the  26 s t r a i n s  cont inued v i a b l e  
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throughout t h e  observa t ion  per iod .  Grea te s t  longevi ty  observed 

'exceeds 13 yea r s  i n  l y o p h i l  and 20 yea r s  i n  s o i l .  T h i s  
L 

v a r i a t i o n  i n  longev i ty  may be r e l a t e d  t o  spore  concen t r a t ion  

of t he  inoculum, uniformity of d i s t r i b u t i o n  of t ne  inoculum, 

and type of s o i l  used. 
d 



57, INFLUENCE OF GROWTH NEDIUX AiYD STOMGE AT 4 C OX DEATH 

OF AIRBOklE:  SERKATIA W C E S C E N S  BY SORPTION OF WATER 

Hatch, M. T. , Dimmick, R. .L. 

Bac te r io log ica l  Prcceedings,  p .  113, 1964 

I n v e s t i g a t o r s  a t t r i b u t e  dea th  of a i rborne  b a c t e r i a  t o  

an a l t e r a t i o n  i n  p r o t e i n  s t r u c t u r e  r e s u l t i n g  from c e l l u l a r  

dehydration. Ce l l s  of - S.  marcescens,  grown i n  Trypt icase 

S O Y  Broth (TC) , w e r e  d i l u t e d  i n  t h e  growth medium and atomized 

i n t o  the  a i r  a t  a r e l a t i v e  humidity (RH) of 22 percent .  The 

dea th  r a t e  increased  when w e  suddenly r a i s e d  the  RH t o  5 4  per-  

c e n t .  This "sorbed death" phenomenon was not  demonstrable 

w i t h  a i rbo rne  ce l l s  subjected t o  an increase  i n  RH from 59 t o  

72 percent .  Death from the  so rp t ion  of  water a l s o  was not  

apparent w i t h  c e l l s  grown and atomized i n  a modiiied Bunting 's  

b ro th  (BB). 

an increased  dea th  r a t e  only i f  t h e  c e l l s  were i n  an a i r  

C e l l s  grown i n  BB and atomized i n  TC demonstrated 
I 

atmosphere where the  RH was suddenly r a i s e d .  I f  the  RH was 

he ld  cons tan t  o r  lowered, no increased dea th  r a t e  was observed. 

Conversely, a decreased dea th  r a t e ,  a f t e r  an increase  in RH, 

w a s  evident  w i t h  cells grown i n  TC and atomized in BB. 

TC appeared t o  be "toxic" and BB "protect iver ' .  

Thus, 

However, 

cells aged by prolonged s to rage  a t  4 C i n  BB and then sus- 

petided in co ld  TC for 30 min became i n c r e a s i n g l y ' r e s i s t a n t  

t o  death by so rp t ion  of water  a s  a funct ion of the i n i t i a l  
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s to rage  per iod .  Evident ly ,  dea th  w a s  dependent upon pre-  

ae roso l  t rea tment ,  Moreover, dea th  was no t  e n t i r e l y  a t t r i b u t -  

a b l e  t o  t o x i c  subs tances  i n  t h e  growth o r  spray media, o r  t o  

dehydrat ion of p r o t e i n ,  because dea th  by so rp t ion  of water 

w a s  c o r r e l a t e d  w i t h  t h e  metabol ic  a c t i v i t y  of t h e  c e l l s .  We 

be l i eve  t h a t  an  imbalance i n  metabol ic  func t ion  caused the 

a i rbo rne  cel ls  t o  d i e  by so rp t ion  of water. 



58 e INFLUENCE OF STOMGE , AET3OSOLIZATION, AXD FE’rIY3MTION 

ON THE PERXEABILITY OF PASTEURELLA T U U X N S I S  

Hayes, D. K . ,  C a b e l l i ,  V.  J. 

B i c t e r i o l o g i c a l  Proceedings,  p. 114, 1964 

A f t e r  being subjec ted  t o  a v a r i e t y  of stresses, - P. 

t u l a r e n s i s  appears t o  l o s e  i n  p a r t  t he  a b i l i t y  .CO maintain 

a constant  i n t e r n a l  environment. This i s  manifested by a 

decreased a b i l i t y  t o  r e t a i n  i n t r a c e l l u l a r  c o n s t i t u e n t s  such 

a s  inorganic  phosphate and i s  r e l a t e d  t o  a decrease i n  t h e  

percentage of  c u l t u r a b l e  organisms. Aerosolized c e l l s  which 

a r e  rehydrated and he ld  i n  g e l a t i n  s a l i n e  so lu t ions  demonstrate 

these  e f f e c t s .  However, c e l l s  rehydrated and held i n  e i c h e r  

a suc rose - inos i to l  s i j lut ion o r  a s o l u t i o n  containing i n  addi-  

t i o n  phosphate,  t h iou rea ,  c y s t e i n e ,  and spermidine maintain 

i n t r a c e l l u l a r  inorganic  phosphate l e v e l s  and a r e  more r e a d i l y  

c u l t u r a b l e ,  I n  aged ce l l s ,  t he  capac i ty  of r e t a i n i n g  inorganic  

phosphate i n  both suc rose - inos i to l  and g e l a t i n - s a l i n e  s o l u t i o n s  

is decreased. I n  t h e  more complex f l u i d  which contains  

phosphate, i n t r a c e l l u l a r  inorganic  phosphate i s  maintained 

a f t e r  stress. Under t h e  environmental  condi t ions  which favor  

loss of orthophosphate by the  ce l l ,  some inorganic  phosphate 

i s  maintained a t  t h e  expense of organic  phosphates.  

mechanisms by which c e r t a i n  organic phosphates a r e  hydrolyzed 

The 
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t o  g ive  r i s e  t o  ino.rganic phosphates have been considered. 

The r a t e  of phosphace l o s s  i n  a l o w  phosphare environrnent 

i s  a func t ion  of temperature.  The data suggest  t h a t  a t  37 C 

more than one process  i s  occurring, 
1 



5 9 .  Ail ELECTROCHEHICAL METHOD FOR THZ STEBILIZATION OF OBJECTS 

CARRYING SPORES OF MICROORGANISMS 

Rechmenskii, S. S. 

Zhurnal Mikrobiologii, EpFdZmiologii - i Immunobiologii 
(USSR), No. '7-8, pp. 152-155', 1939 (In Russian) 

(Lstracted in Chcnical Abstracts, v. 36, p .  4850 ) 2 

-. . 

Electric current activated the sterilizing action of 

mercury ?reparations on spores  of Bacillus anthracis. 

Sterilization is effected in a shorter time or at a lower 

concentration of the sterilizing agent. 



6 0 .  EFFECTS OF SXGCK, VIBWX'IOON, AS3 ACCELEUTION OX TI55 

CIRCADIAX GROXTII XiiXT3X OF LXEU;iOS?GXA. C9-SS.A 

LaRochelle, 24. F., Ber l ine r ,  i.I. 3 .  

Bac te r io log ica l  Proceedings,  p .  112, I364 

- X. c ras sa  wi th  a d a i l y  rhyt 'mic  growth patcern w s  

subjected t o  a s e r i e s  o f  s inulaced z i s s i l e  launch cad 

r e e n t r y  condi t ions .  Ring forination frequency and growth 

r a t 3  a s  dete-mined by r i n g  ainp 1 i tude were recorded a f t e r  

t e s c s .  These serve a s  i n d i c a t o r s  o f  changes i n  the organism's 

endogenous c i r cad ian  rhythm. Xepl icate  groups wclre inocula ted  

48 and 24 h r  and immediately p r i o r  t o  environnental  t e s t i n g .  

Response t o  ind iv idua l  t e s t s  was a s  follows. (i) Shock (100 g ' s  

6 m/sec,  1/2 Sine pu l se ,  one d rop) :  A l l  c u l t u r e s  had a s l i g h t l y  

acce le ra t ed  r i n g  formation averaging 2 1  h r ;  most o f t en  i n  

c u l t u r e s  inocula ted  24 h r  p r i o r  t o  t e s t i n g .  (ii) Random 

v i b r a t i o n  ( a )  (F laz  spectrum, 20 t o  2,000 c p s ,  0.07 g2/cps 

f o r  10 min): Vibrat ion produced no no t i cab le  e f f e c t  on 

c u l t u r e s  inocula ted  24 h r  before  t e s t .  Ring formation was 

s l i g h t l y  acce le ra t ed  o r  i n h i b i t e d  on o the r  groups.  ( b )  

( F l a t  spectrum, 10 t o  2,000 cps f o r  3 min):  Although t h e  

v i b r a t i o n  w a s  more in t ense  than ( a ) ,  c u l t u r e s  inocula ted  24 

h r  before  t es t  c a i n t a i n e d  a cons tan t  and expected r i n g  form- 

ation. (iii) Accelerat ion (17 g ' s  f o r  5 m i n ) :  Only c u l t u r e s  
1 
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s t a r t e d  i r x e d i a t e l y  p r i o r  t o  t e s t i n g  had marked a c c e l e r a t e d  

r i n g  formation. ( i v )  Cul tures  sub jec t ed  consecut ively t o  a l l  

environments ind icaced  t h a t  N. c r a s s a  w i l l  success fu l ly  w i t h -  - 
s tand  a n t i c i p a t e d  B I O S  launch cond i t ions  without  seriocis 

1 

i n t e r r u p t i o n  .of i t s  c i r c a d i a n  r h y t h .  



Halpern, M. H . ,  Greene, A .  E .  

Natuze,  v. 202, no. 4933, p. 717, 1964 

Growth of HeLa c e l l s  i n  t i s s u e  c u l t u r e  i s  not  i n h i b i t e d  

o r  otherwise obviously a f f e c c e d  a f t e r  exposure t o  a 1,200- 

gauss magnetic f i e l d .  



62. TEXPEFUTURE C O E F F I C I E S T S  OF T'XE M T E  

OF I N J U X Y  BY HEAT (Excract f r o a  r a b l e  LXII 

( p .  174);  var ious a u t h o r i t i e s )  

Bglehrsdek, J .  

Tenpzrature - and Living Matcer,  Verlag von 

Gebrcu'der Borntraeger,  B e r l i n ,  1935 

B. an tk rac i s  - 
Various b a c t e r i a  

- C .  botillinun 

B. s u b t F l i s  - 
B .  r o b u r  
I 

- 3. a n t n r a c i s ,  dry 

- B.  a n t h r z c i s ,  moist 

- C. t e t a n i ,  d ry  

- C.  t e t a n i ,  moist 

BACTERIA 

B. c o l i  commune - -  
- B. typhosum 

S. - pyogenes aureus 

10.7 

5 - 6  

9.5 

4.4 

6.0 

2.9 

3.8 

2.0 

7.1 

12 

136 

29 

100 - 140 
100 - 115 

c 

110 - 140 
110 - 130 

120 - 135 

90 - 105 
95 - 105 

125 - 135. 

48.4 - 52.7 

49 - 59 

48.4 - 52.4 



6 3  e TXEX'G-L EESISTANCE OF CEXTAIN DO~4IS7AX'i' I S R O S I C  BACILLI 

I y e r ,  V . ,  Bhat, J. V. 

Journal  - of S c i e n t i f i c  and I n d u s t r i a l  Research ( I n d i a ) ,  

V .  lIB, pp. 427-430, 1952 ~ 

~ i x  thermal r e s i s t a n c e  of spores  of ' four s c r a i n s  of 

b a c i l l i  known t o  possess  high r e s i s t a n c e  was determined. 

BacFl lc ; s  cz reus  (81) and - B- s c b t i l i s  (Bl3) were i s o l a t e d  

f ron  Bombay a i r ,  - 3. mega te r im (Sd) frorn c o m e r c i a 1  sugar, 

and - B .  subtilis (Ma) from a ciin of mansoes showing g a s e o ~ s  

spoi lage.  

agar  medim,  shaken wi th  g l a s s  beads,  fi1:ered and assayed. 

One-s l  po r t ions  conta in ing  105 spores  w e r e  s za l ed  i n  6-ml 

arnpoulcs. kmpoules were heated over t h e  range 100-120 C 

STores were harvested from a pzptone-beef e x t r a c t  

f o r  four  exposure per iods  a t  each 5-degree i n t e r v a l  i n  water  

and c a s t o r  o i l  baths .  Preliminary experiments e s t a b l i s h e d  

s u i t a b l e  exposure t i m e s  a t  each temperature.  Ampoules were 

cooled r a p i d l y  a f t e r  hea t ing ,  and 4-ml n u c r i e n t  broth added. 

The r e sea l ed  ampoules were incubated a t  room temperature f o r  

up t o  20 dtiys and examined a t  i n t e r v a l s  f o r  growth. S i x  

ampoules of each organism were subjec ted  t o  t h e  same 

temperature-time r e l a t i o n s h i p .  2. s u b t i l i s  (Bl.3) was most 

r e s i s t a n t .  Survivors  were observed a f t e r  60 min a t  120 C. 

A sm--ary  of the  thermal res is tance  data follows: 
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TeTIp Calculated 2 value ( m i n )  

C 31 Sd 1313 :+? 

100 27.3 26.4 29.1 28.4 

105 21.9 20.7 24.7 22.6 

110 16.7 14-6 19.9 18.8 

115 9.4 8.4 14.6 11.3 

120 5.7 4.5 1.1~3 6.3 

Phantom “Lemal  dea th  c ine  curves w e r e  p l o t t e d  Zor process  

c a l c u l a t i o n s  i n  which t h e  o b j e c t i v e  i s  p z s t e u r i z a t i o n  o r  

s t e r i l i z a t i o n  o f  a producz. 



64 .  AP1AXATUS FOR DETE&YIXING TiIE ZU‘LT=?BER OF MiCRO3ES 

I N  THE A I R  

Zaapach, A .  

Czechoslovak ?a t en t  No. 93066, Dec. 15, 1959 

NOV. 29, 1962 

JPRS: 16,407 (OTS) 

A revolving c y l i n d r i c a l  d r u i  device i s  descr ibed  which 

takes  i n  a i r  by means of an a i r  p a ?  and depos i t s  rniczo- 

orgznisx.s on p l a s t i c  bands covered wi th  2 mm 04 s o l i d  

growzh nediwi. Thz p lasEic  bhnds iire s t e r i l i z e d  by dry  hea t  

a t  140 C for 3 hours.  The d r w  is  s t e r i l i z e d  by means of  an 

a n t i s z p t i c  such a s  mercury phezylborate.  The r o t a t i o n  speed 

i s  sec  t o  t h e  appropzlii te inzakz capac i ty  which may vzlry 

from 0.25 t o  3 l i t e rs  p e r  m i n u t e .  



65. Ti EFFECT GF HEAT AND ILVDIATION ON THE MICRCFLOXA 

O F  CUOETED FAIS 

Drake, S. D . ,  Evans, J.  B . ,  Niven, C .  F. 3r. 

- Food Research, v. 25, no. 2 ,  pp. 270-278, 1960 

The r a d i a r i o n  r e s i s t a n c e  04 the  n i c r o f l o r a  i n  canned 

h a m  which b d  been o r  had not been heat-processed,  2nd the  

hea t  and r a d l s r i o n  r e s i s t z n c e  of p u r e  c u l t u r e s  02 i s o l a t e d  

b a c t e r i a  were i nves t iga t ed .  3eated hazis b d  been processzd 

t o  a core  zezqeracure of a t  l e a s t  150 F (05 C ) ,  

f rozen a t  -34 C acd i r r ad iaczd  wi th  approximately 1 megarad 

gama  rays.  The hams were c o l d  a t  the  conclusion 02 the  24 

hr i r r ad ia tLon  pe r iod .  Raw, non- i r rad ia ted  canned k?ams had 

counts ranging f r o 3  47 x 1.04 t o  67 x 107 pel: g i n  surface 

samples, and 24 X 103 t o  58 X I O o  bacter ' ia pe r  g i n  t h e  boned 

a r e a .  Only one of the e i g h t  hams of  t h i s  type i r r a d i a t e d  

and incubated a t  37 C f o r  one month showed b a c t e r i a l  growth. 

This  ham contained 2 X 10 8 enterococc i  p e r  g .  

processed, non- i r r ad ia t ed  hams were incubated,  and had counts  

ranging from z e r o  (2  samples) t o  76 X lo7 p e r  g. Three hea t  

processed i r r a d i a t e d  hams showed no growth, but  another  con- 

t a ined  homofermentative l a c t o b a c i l l i ,  and f o u r  had moderate 

numbers of b a c i l l i  i n  t o t a l  aerobic  counts ranging from 

Ei,zms were 

r 

Eight  hea t  

12 x 103 to 30 x 105 r,cr g.  



The LD39 of spores  from sevz ra l  BscFLLus isolated were: 

- B. lichenifomis, 249,000 r ads ;  2. cozgdzris, 338,000 rzds; 

- B. cereus ,  513,000 rads .  S~~c~tococcus f a e c i u i  s t r a i n  HS-5 

survived 130 n i n  a t  145 I: (63 C )  and 55 mLn a t  150 F (66 C ) .  

The r a d i a t i o n  r e s i s t a n c e  was a s  high a s  Chat of most b a c t e r i a l  

spores .  There i s  n~ d i r e c t  corzelacion between heac r e s i s t a n c e  

and radiazior ,  r e s i s t a n c e .  The er'fect of conbined hea t  and 

r i r r a d i a t i o c  was invesz iga ted  wi th  - S. r a ~ c F a ~  s t r a i n  XS-5. 

When survivozs of  E hza t  t r 3 a m m t  t h a t  killed 90 p z r c e n t  of  

t he  c z l l s  w e r e  i r r a d i a t e d ,  t he  survivor  CUTVB hsd less i n i c i a l  

l a g ,  but t he  curve gene ra l ly  p a r a l l e l e d  thzat: obtained w i t h  

unheatzd ce l l s .  Suspensions i n i t i a l l y  i r r a d i a t e d  20 kill 

90 percen r  02 the  cells w c z  sllghtly more h a t  s e n s i t i v e  

than were u n i r r a d i a t e d  cel ls .  T k  main changz i n  che su rv ivo r  

curve aga in  was e l imina t ion  of t h e  i n i t i a l  1ag.phase.  Sodium 

ch lo r ide  (5 pe rcen t )  i n  the  suspending medium appeared t o  

s e n s i t i z e  t h e  ce l l s  t o  both hea t  and i r r a d i a t i o n .  



B,iCILLUS A N T S x ~ A C L S  

Vende, 2. D., Eurdon,  D. L. 

Bac ter i ; lcg ica l  Proceedings,  p .  43, 1960 

Boneal?aal h2s beeo Zound ar, e s?2c ie l ly  favorable  mate- 

r i a l  f o r  s u r v i v a l  ~5 a n t h r s x  q o r e s ,  d e s p i t e  the cozaon pre-  

s2nce 04 ari ebuadant and vzzied sZ?ro?hytic r ' lore.  The ?ro- 

cedcres  ozcsssary t o  s tezc l i ize  b o n s z c s l  by d r y  h e ~ z  wzre 

inves t iga t ed .  Porcions of ~ Z L J  and s t e a - s t e r i l i z a d  bonemeal 

w e r e  con tzx ina tcd  w i t h  kn0i.m 02 v i r u l e n t  an thrax  

A' sys temat ic  ser ies  of t e s t  wi th  25 g and 10 g 

a~iouncs 04 the coLcmics t ed  bonezeal con tz ined  i n  s a a l l  m z a l  
) 

piliboxcs w2.s cazrLzd ou" & by ?-- .Latifis the  p2ilboxes a t  12C- 

-- 160 C f o r  per iods  GZ 23 ta 65 n i o  i n  a dry hea t  oven. f i e ~ ~ -  

i n g  t eape ra tu res  ac2 Lines we're con t ro l l zd  by a Iioneywell 

temperature r eco rde r .  Cozplete  s t e r i l i z a t i o n  of t h e  25 g 

samples was a t t a i n e d  a f t e r  160 C for 60 min and f o r  t h e  10 g 

amounts az'ter 160 C for 40 min. O f  s p e c i a l  i n t e r e s t - w a s  the 

repez ted  recovery of prev ious ly  tindescribed v a r i a n t s  of 

Bac i l lu s  a n t h r a c i s  from booemeal samples heated a t  temperatures  

and tines s h o r t  of complete s t e r i l i z a t i o n .  S t rGins  i s o l a t e d  

a f c z r  m o d z a t e  k x z  exposure were v i r u l e n t ,  bu t  a t t enua ted ,  

. .  TC.-L.L th~;;: zecovered a f t e r  f u r t k e r  kea t ing  were completely 
6 
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oonvirulc --E. Chanzes i n  the  c e l l u l z z  2nd c o l o n i a l  morphology 

of  the v a r i a n t s  increased  with ~Che degree of k a r  exposwe,  

,il r n e  v a r i a n t s  r e t z i n e d  c h z r a c t e r i s t i c  biochemical r e a c t i o n s  

of - B. a ~ r h r a c i s  acd reslained d i s t ingu i shab le  f r o x  - 3 .  cerecs. 

Xone 02 tke a v i r u l e n t  mutarits czs ted  i m u n i z e d  n i c e  agzirist  

va- r ian t  c u l t u r c s  cocld be produced a t  will suggzsts  the prob- 

a b l e  gznera l  usefulnsss of this heat ing  procedure f o r  the 

s t u d y  of. v s r i zz ion  i o  spareforming b z c i l l i .  



It hzs been dezostrated chat  t h e  incubat ion temperazure 

a t  which endss?ores aye produced has a n  e f fec t  an t h e i r  

t h e m a 1  r e s i szance .  Al so ,  the  ucique presence o f  d i p i c c l i n i c  

acFd spores  suggests Lz is s s s s c i a s e d  

w i t h  t 'nezxi l  resistance. It ?-as bzen f u r t h e r  poseulated 

. .  thaz  c a t i c n s  a r e  likewise r z z m e t e l y  ;zssocizted w i t n  the  

2roperc ies  of t h e  endos?ores. This 

tance of s2ores o f  Sacillus su5tLlis was var i ed  by groxth 

a E  E J O  sporc iaz ion  texperenres  and c h a i r  c a t i o n  coneents 

d e t e m i n e d  by means of t h e  emission spectrograph. The medium 

used f o r  spo re  production 57as a rcodified thermoacidurans aga r ,  

pH 6.8, which contained I ppm inanganous s u l f a t e .  The thermal 

sporulation temperature increased from 30 t o  45 C. Spore 

/- 

crops of - B. coagulans  were produced a t  incubat ion  temperatures 

of 30, 45, E : - :  52 C.  The thermal r e s i s t a n c e  of these spore 
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crops increased a s  che sporu la r ion  tenpera turz  beczzz gzez re r .  

Analyses of these  spo re  cra?s  k z i c a t e d  t h a t  chey ccnrained 

s h i l a r  axour?.ts 02 c a t i o z s ,  while  tk,a 3?A concent decreased 

a s  the s p o r c l a t i c n  tempcratere increased.  

mi 1 I irr.0 1 e s r 

02  c a t i o n s  t o  n i l i i b o l e s  Os: D?A 

ca l c u l a  zed r 
T O T  spore  cro? 

The r s t i o s  of 

1 T I  
A 

of both 

1010 

organisms. 

The r a t i o s  :;2re found t o  Lzcrzase d i z e c t l y  wi th  increesed  

them21 rc s i scance .  The b .2 l izac ions  of th,cse and other data  

w i l l  be discussed. 



Details a r e  given of a method for s t e r i l i z i n g  coolins 

tower wood Fr-fected wirh hngi and b a c t e r i a .  Teszs on a 

c e l l  a z  a l 2 rge  oil reficery showzd tk.t 2 hours 2: l15-160 

was s x f f i c " , a t  to kill f u q i  eve= in l z r g z  c h b e r s .  .A 

phenolic b e c t e r i c i d z  Z i . s ~ i . 1 1 ~ 6  into the cell 2nd allOV72d t o  

c r y s a l l i z e  on the s t s z i l L z c d  wood 

r e t a r d  i u t u r z  a t t a c k  by b i o l o g i c a l  

is believzd 

sggressors. 

EO 

F 



Koeszerer, X. G . ,  Bruch, C .  W. 

i) 

The c o ~ p a r a ~ L v 2  zcaiscance of d r y  s?ores of 3 ; 3 c F l l u s  

Wasked s ~ o z l e  p r e p s r a t i o n s  were inoculzzzd onto  r ' i l ter  papzr  

aad d r i e d .  Lots 05 s t r i p s  i ~ o  y i e l d  
c 

s p e c i f i c  c o n c ~ n c r z t i o n s  in t h e  racge of 1-10 x L C ~  s2ores. 

c Exposurz  oz eke! strips i n  pzr 'ckal ly  covered t e s t  t u b e s  i n  a n  

au toc lave  y i e lded  F v a l u e s  (tim ?or Eota l  kill) a t  121 C of 

15 air? o r  greater  :or b o t h  s ? x i e s .  To e l i n i m t e  the d i s -  

c repacc ies  Troa a i r  en.cra?pd by this procedure,  the strips 

were exposed in envelopes. The 2' value  f o r  - B.  subtilis var .  

n t q e r  at 110 c was less than 5 min, while  spo res  (10 x 105) 
02 - 2. s t z a r o t h x r . m > h l l t s  hzd an F value of 20 min a t  121 C, 

I n  i2.z dry he2: s ~ d i z s  the s t r i p s  werz exposed i n  t esc  tubes 

i n  heated lnetal blocks. Thermal d e a t h  t h e  curves from 121 C 

t o  170 C were prepared. The spores  of - B. s u b t i l i s  var .n iger  

were 3.5 FO 5 t i z e s  more r e s i s t a t  t h c n  the spores  o f z .  

s tearo thennophi lus  to d e s t r u c t i o n  by dry  hea t .  D values  

(time f o r  destruction of one log of spo res )  a t  121 C'were 



7 ';7.5 x i n  for 5 .  szbzi1i.s  va r .  c i g e r  and 14.3 sLn for B. 

stearoth, i ,  n - ~ ? h i l . ; r ~  and a t  160 C the D values  were a p p r o x i m t e l y  

- - 

1.6 z L n  and 0.3 min r e spec t ive ly .  The r e s i s t a n c e  of b z c t e r i a l  

spores  *LO des t rucz ion  by aoist or Cry hea t  i n v o l v e s  f a c t o r s  

ocher than r e s i s t a x e  t o  iccreascd t m p r a t u r e .  



70 

o r  even Ea& f o r e v e r  i r q o s s i b h  by inadvertent contaninat ion 

hea t  

C l o s . t r i d i u n  s3orogeces. Several  s t r e i n s  or' B. s u b r i l i s  were 

found to be highly resisczat t o  dry heac s t e r i l i z a t i o n .  Six 

different 102s of soil weze exposed to dry heat at this temp- 

e r a t u r e .  Although the soil samples  were several fold more 

r e s i s t a n t  t o  dry  h e a t  than'ihlere the prepara t ions  of spores  

d r i e d  on f i l t e r  paper s t r i p s ,  mesophilic sporeformers i s o l a t e d  

from these  heated s o i l  samples had l e v e l s  o f  r e s i s t a n c e  , 

similar t o  those  found f o r  - B. s u b t i l i s .  The use of va r ious  

e=-.xic;-s ZGZ these spores  showed t h a t  p repa ra t ions  d r i e d  on 
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paper  strips o r  i n  L e s t  X 5 e s  were  e z s i e r  t o  k i l l  t h a n  were 

pre?arz t iozs  d;-izd on se,-.-' o r  v e z a i e u l i c e -  These l a c z e r  

1 . )  r pre?zra t ions  CIZG 1cvels 02 r e s i s t a n c e  22proaching those 

r'ouna ZOT r k  soLL s2~?1zs. res i s ;rnce  of spores to Cry 

b a c  involvzs  va-risas f a c t o x s  w'~--ic'n rnust be e l u c i d a t e d  Sefore 

d r y  kezt  c;:les fzl- e l ec t ro i l i c  ccnponznts can be developed. 

? C  



Davis, X.  S .  > S i l v e z x n ,  G .  J. , Goldblieh, S. -4. , 

c2ys - -  
C r  c C --. 3 z L G t - -* c - -  

i - c  

v a c u a .  A .  n t g e r  s?o-res ~ i t k s ~ m d  60 C i n  vacuuin beccer  s’nan 

ehe spores of a l l  bu t  ,B. subzllis v a r .  niger.  The cmbined  

a c t i o n  of hza t  and v a c u u  wa s c l e a r l y  g r e a t e r  than t h a t  of 

hea t  a lone  since s u r v i v a l  of - 5 .  s tearo thermophi lus  and - B .  

subtilis v a r -  niger was apprec iab ly  lower a t  60 C in vacuum 

An i n i t i a l  expe r inen t  

a t  elevated t e q e r a t u r e  dzsocscr2ted that only s?ores of - B. 





7 2 .  EFFECT OF RADIC.TLO;C' ENVIX0:XENT OX THE Ti?PlAL RESISTANCE . 

OF IRXWIATED SPORES 03 CSCSTXI9IUY SPORIOGESES P.A. 3679 

L i c c i a r d e l l o ,  J .  J . ,  Xickerson, 3 .  T. R .  

Journal - of -- Food ScLence, v.  27,  no. 3 ,  pp.  211-218, 1962 

. -  
Thermal r e s i s t a n c e  a t  100 C was deternined a f t e r  t h e  

spores .had  been i r r a d i a t e d  i n  aLr ,  vacuum (1 m f-Ig), o r  

n i t rogen  wi th  gamma o r  cathode rays while suspended i n  

phosphate b u f f e r ,  pH 7.0, n u t r i e n t  b ro th ,  o r  ham puree.  

Samples t7ere a t  20 ,  -78 C,.and 66 - 68 C during i r r a d i a t i o n .  

Sealed mel t ing  p o i n t  c a p i l l a r y  tubes each containing 0.025 ml 

of spore suspension were t r a n s f e r r e d  automatical ly  from t h e  

hea t ing  ba th  t o  the cool ing ba th ,  The D values  of spores  

i n  phosphate bu f fe r  were not s i g n i f i c a n t l y  d i f f e r e n t  i n  a i r  

o r  vacuum f o r  a given r a d i a t i o n  dose .  Them'al r e s i s t a n c e  

d i d ,  however, increase  s i g n i f i c a n t l y  a t  660,000.rep i n  a 

n i t rogen  atmosphere. Enhanced l e t h a l i t y  i n  a i r  o r  vacuum 

was a t t r i b u t e d  t o  g r e a t e r  accumulation of hydrogen peroxide e 

Combined i r r a d i a t i o n  - heat ing  was more e f f e c t i v e  i n  n e u t r a l  

than i n  a c i d i c  phosphate bu f fe r .  Thermal r e s i s t a n c e  was 

independent of  spore concent ra t ion  f o r  samples i r r a d i a t e d  

w i t h  less than 660,000 r e p ,  btlt increased a t  higher  r a d i a t i o n  

doses ,  presucably because of p r o t e c t i v e  m a t e r i a l s  r e l eased  by 

d2ad ce l l s  and spores .  Z values measured over the  i n t e r v a l  



72. c o d d  

100 - 110 C zveragcd 14 .2  F, zild d i d  not  d i f f e r  Cor spo res  

i r r a d i a t e d  and uclrradLe:cd 7zLor t o  hea t ing .  Thus i r r a d i a t i o n  

p r i o r  t o  h z z t r n g  ch2r.sed t k e  ? valu2 but  not the Z value .  

I r r a 2 i a t i o n  sensitize? s2ozss t o  h2.c: to a g r e a t e r  degree i n  

phos;;hate b u f f e r ,  ~ ' t i  7.0 tkzn i n  ham p r e e  o r  n u t r i e n t  b ro th .  
. -  

The m a  1 resis t aace  i n  bu2fer was  not s i g n i f i c a n t l y  d i f f e r e n t  

between -78 C and 20 C over  i! dose range of 0 t o  660,000 r e p  

and  betweer, 20 znrl 66 - 68 C w i ~ h  either l65,OOO o r  3OO,OOO 

r e p .  Esposure t o  660,000 r e ?  bzfore  hea t ing  a t  66 - 68 C 
r e s u l t e d  i n  a marked d2crease Ln h e a t  r e s i s t a n c e  compared 

t o  s i m i l a r  experimccts  a t  20 and -78 C .  The i r r a d i a t i o n  

doses  a t  va r ious  t2mperatures  r e q u i r d  t o  des t roy  90 percent  

of t h e  spo res  i n  phosphate b u f f e r ,  pX 7.0 were: l7l,OOO r e p  

a t  20 C, 196,000 at: 66 - 68 C and 260,000 a t  -78 C. 



2 t  to 

7 -- 2-Y spores  

s p 0;'s 12 i LFCil E 2E in the 

predominantly helical conf igura t ion  t o  a random c o i l  s t r u c t u r e ,  

The e f fec t  o f  h e a t  on A.  - n i g e r  spores  (ca 5 X 10' spores  per  

test) i n  these experiments i s  s c m a r i z e d  i n  the  following t a b l e .  

c 



I 
L 

i 

0 .ol-oe I 



Line. 

ch2 izitial p o r t i o n  Of the curves wa s usua l ly  c u r v i l i n e a r .  

T n i s  deviacion was a t z r i b u t e d  t o  tcmprzture changes dur ing  

the coae- time r a the r  than evidence iha t d e s t r u c t i o n  

occurred n o n l o g a r i t b i c a l l y .  Thermal d e a t h  time daca were 

- _  --, tz31Ls!~2 on t5.e bas is  of s ix  decinzl r educ t ion  times at 

t k z e  ?cz:-, z a p c r a t u r e s  t o  i n d i c a t e  the lecha l  process  f o r  

Y - n , .  , c . L k , - ~ n  _ 1 - - .  of spores f r o 3  lo6 to one spore'per ml r e g a r d l e s s  



2nd z v a l u e s  in g r e a t e r  

3 
J - 

10.33 21.2 

19.. 7 

i5.6 

'L1.67 21.9 

20.3 

16 
7 

.- bo 

in 

he2z-shocki::~ a t  100 c. 

o v e r  char  a f t e r  

'CO dilute rhe milk 

cocceccratc  Z L  l e a s t  1:lOO EO obrai;: g e m i n a t i o n  of  sporcs  

L surviving t h  haa t  t r c e t a e n t s  s i n c e  ck.c concent ra te  i n h i b i t e d  

g e m i r - s t i o z  or' nany spores .  Aerobic sporeforming b a c t e r i a  

i so lasad  irorn 23 of approximately 230 lots of  processed mi lk  

conceccrztc  w z 2  c o n c l u l d  t o  re2resent  p o s t s t e r i l i z a t i o n  

coct2ziZEr:s .  



75. THE SIMULTANEOUS LETHAL EFFECT OF TEMPERATURE AND 

GAMMA RADIATION ON BACTER 

Graikoski ,  J. T. 

D i s s e r t a t i o n ,  "he U n ~ v e r s i t y  of Mich gan, Ann Arbor 

128 pp. 1961 

The r o l e  of temperature during i r r a d i a t i o n  00 the  sub- 

sequent s u r v i v a l  of spores  was s tud ied ,  Anaerobic b a c t e r i a l  

spores  were s l i g h b l y  more r e s i s t a n t  t o  r a d i a t i o n  a t  -70 t han  

a t  4 C.  The maximum number of these  spores  survived r a d i a t i o n  

exposure a t  a temperature j u s t  below the  . thermal  l e t h a l  

th reshold  f o r  the  p a r t i c u l a r  s t r a i n ,  The l e t h a l  th reshold  

for Clostridium botulinum spores  was found t o  be about 85 C .  

Above t h i s  temperature,  spores  were r a p i d l y  i n a c t i v a t e d  by 

r a d i a t i o n .  The g r e a t e s t  number of surv ivors  of p u t r e f a c t i v e  

anaerobe NCA 3679 spores  was observed i n  t h e  range 90 t o  100 C.  

Progress ive ly  g r e a t e r  numbers of surv ivors  were obtained as 

t h e  temperature was increased  above room temperature.  

Although r a d i a t i o n  inc reases  t h e  s e n s i t i v i t y  of spores  t o  h e a t  , 
t h e  thermal l e t h a l  temperature is n o t  lowered by t h i s  t r e a t -  

ment, Spores which e x h i b i t  g r e a t e s t  r e s i s t a n c e  a t  t he  

va r ious  temperatures during i r r a d i a t i o n  a l s o  have g r e a t e r  

thermal res i s tance .  Determination of t h e  s t e r i l i t y  dose 

must consider the temperature a t  which i r r a d i a t i o n  i s  c a r r i e d  

out.  
- 

If the s e n s i t i z a t i o n  of bacter ia l  spores to heat by 



r a d i a t i o n  i s  t o  be u t i l i z e d ,  t he  i r r a d i a t i o n  m u s t  be conducted 

a t  the thermal l e t h a l  threshold of t he  organism under consider-  

a t ion . -  The most thermally r e s i s t a n t  organism m u s t  be used 

i n  the  eva lua t ion  of t h i s  combined method of s t e r i l i z a t i o n .  

A p r e - i r r a d i a t i o n  t rea tment ,  followed by p o s t - i r r a d i a t i o n  

heat ing a t  a l e t h a l  temperature mus t  be employed t o  rake 

f u l l  advantage of t h e  s e n s i t i z a t i o n  of b a c t e r i a l  spores  t o  

hea t  e Heat m u s t  be app l i ed  simultaneously wi th  r ad ia  t'ion 

i n  order  f o r  t h e  observed temperature e f f e c t  during i r r a d i a t i o n  

t o  be demonstrated.  P re - i r r ad ia t ion  treatment of spores  a t  

a dose which i s  s p o r i c i d a l  f o r  l a rge  numbers of spores  does 

not  s i g n i f i c a n t l y  lower the  temperature threshold  necessary 

for thermal i n a c t i v a t i o n .  
L 

124 re fe rences  



76a SENSITIZING BACTERIAL SPORES TO T BY EXPOSING THEN 

TO ULTRA-VIOLET LIGHT 

Curran, H; R . ,  Evans, I?. R. 

Spores of Bac i l lu s  a l b o l a c t i s ,  - B. cohaerens and a s t r a i n  

belonging t o  the  - B e  m e s e n t e r i c u s  group were found t o  be more 

suscep t ib l e  t o  hea t  a f t e r  exposure t o  u l t r a v  olet l i g h t .  I n  

order  f o r  t h e  hea t  s e n s i t i z a t i o n  phenomenon t o  manifest  it- 

s e l f ,  i t  was necessary f o r  t h e  W exposure t o  be of s u f f i c i e n t  

dura t ion  t o  be s p o r i c i d a l  f o r  a l a r g e  number of organisms. 

Shor te r  wavelengths i n  t h e  range 350-1600 A were more 

e f f e c t i v e  than 2537 A i n  inducing hea t  s e n s i t i z a t i o n  a t  98 C.  

The most h e a t  r e s i s t a n t  organism t e s t e d ,  - B, cohaerens was the 

most r e a d i l y  s e n s i t i z e d  t o  heat by W. 

3 

L 



77 * O F  MLCXOORGAXISMS TO 3XY XEAT; 

?acrer iolozi .cal  Proceedings,  p .  5 ,  1963 

Spores o f  S c h i i d t ' s  5230 s z r a i n  of B a c i l l u s  s u b t i l i s  

c. Lnat  had Szen dr i ed  i n  a vacum oven were heated i n  

a t ros?heres  of heliuii ,  n i t rogen ,  a i r ,  oxygen and carbon 

7 .  . - 
C;;GXLGS ir, srnall cups i n s i d e  thermal dea tn  t i m e  cans over 

l- l \  -:-: - ;zx?erazure range of 1 2 1  t o  160 C .  The hea t  r e s i s t a n c e  

552s dsce r ; r , i nd  by end-point techniques.  

The r s s u l t s  suggest  t h a t  ehese gases have a s i m i l a r  but 

d i f i e r e n c  e fFec t  on the  hea t  r e s i s t a n c e  of t h i s  organism. 

Thz s i o p e s  02 tne  thermal r e s i s t a n c e  curves a r e  the same 

(a2proximzely  18 C )  f o r  a l l  gases ,  but t he  i n t e r c e p t s  a r e  

difr 'erenc.  The order  of i nc reas ing  l e t h a l i t y  throughout the 

temperature range i s  helium, n i t rogen ,  oxygen, a i r  and carbon 

dioxide.  The gases appear t o  be grouped: helium and n i t rogen  

s i m i l a r  and oxygen, air and carbon dioxide s i m i l a r  i n  effect .  

It can be concluded from t h i s  study t h a t  .the na tu re  of 

t h e  d r y  gas surrounding cel ls  during hea t ing  has  an affect  on 

the  des t ruc t ion  r a t e  of  spores  of - B. s u b t i l i s .  



Il<IlUCED GROiJT3 OF .bJ.TFIOBACTER CLTEUS AT ELEVATED 

TE3:lERATURE S BY ASSOCIATED XICROOXGLYISMS 

Zohnson, M. B . ,  Chan, E .  C .  S. 

- s z c t e r i o l o g i c a l  'roceedings, p.  44 ,  1963 

The s r t h r o b a c t e r s  a r e  descr ibed a s  t y p i c a l  s o i l  organisms 

th.2 t S hoL.7 L i t t l e  o r  no growth a t  37 C (Bergey ' s Manual). 

X : e c a ~ t s  s t u d i e s  i n  our  l abora to ry  show t h a t  A .  g lob i fo rmis  

s t r a i n s  425 and 8602 would grow at' 25, 3 0 ,  and 37 C on 3 .  B.  

4 
- 

L.  n u t r i e n t  agar  and t ryp icase  SOY agar ;  but t he  grow :: h of 

- ii. c i c r e u s  837 above 25 C was found t o  be a func t ion  o f  

zssoc ia ted  nicroorganisms a s  w e l l  a s  o f  c u l t u r a l  cond i t ions .  

On t ryp icase  soy  aga r  - PA. c i t r e u s  would grow w e l l  a t  a l l  3 

t m p r a t u r e s .  On n u t r i e n t  agar  i t  would grow a t  25 C whi le  

a t  30 and 37 C i t  would only grow i n  the  presence of another  

organism a s  evidenced by the  formation of s a t e l l i t e  co lon ie s .  

Such a s soc ia t ed  microbes included Aerobacter aerogenes,  

?sei;loaonas s p . ,  B a c i l l u s  cereus ,  Streptomyces scab ie s ,  

PenLcFllium notatwn, Asperg i l lus  n i g e r ,  Saccharomyces 

c e r e v i s i a e  and 14 o t h e r  organisms a s  w e l l  a s  any air conta- 

minants.  Organisms t h a t  d id  not  grow a t  37 C and consequently 

n o t  izduclng growth of  - A .  c i t r eus  w e r e  Azotobacter chroococcum, 

- Stx- :ococc t~s  l a c t i s  and - S. f a e c a l i s ;  however, t h e i r  growth 

a t  30 C did e l i c i t  response from - A .  c i t r e u s .  Apparently,  



any organisx capable of growing would induce growth of A .  

c ic reus .  

i n  s e r i a l  t r a n s f e r  a t  37 C. Auxanographic t e s t i n g  of 2 1  

amino a c i d s ,  8 pep t ides ,  12 growth f a c t o r s ,  9 pur ines  and 

pyrimidines,  a s  w e l l  a s  var ious f a t t y  a c i d s  and o the r  bio-  

- 
Such induced growth was not  c a r r i e d  i n d e f i n i c e l y  

chemicals proved t o  be negat ive f o r  growth induct ion .  The 

e z z z c t  of a s soc ia t ed  microorganisms on temperature growth - r  

res?onse  of A .  c i r r e u s  appears t o  r ea f f i rm the l i m i t a t i o n s  of  

phys io logica l  pure c u l t u r e  s t u d i e s  a s  a d i r e c t  r e f l e c t i o n  of 

organism behavior i n  na tu re  



79. VIA3ILITY OF LYOPHILIZED ORG&YISMS AFTER 

MROSOLIZATION INTO HEATED A I R  STXEAYS 

Greene, V.  W. a 

3 a c ~ e r i o l o g i c a l  Proceedings,  p.  162, 1963 

Lyophilized suspensions of S e r r a t i a  marcescens (SM) and 

spores  o f  Bac i l l u s  s u b t i l i s  va r  n ige r  ( B G )  were aerosol ized  

i n  a minia ture  wind tunnel  and exposed t o  temperatures rang- 

ing f r o a  75 C t o  200 C f o r  per iods  approximating one second. 

S i g n i f i c a n t  i n a c t i v a t i o n  of SM d id  not  occur below 100 C and 

'exposures of 150 C X 1.68 sec t o  1.70 C X 0.5 sec  were 

necessary t o  e f f e c t  99.9 percent  k i l l .  I nac t iva t ion  of BG d id  

not .occur  below 1-50 C and exposures of 160 C X 1.68 sec  t o  

200 C X 0.5 sec were necessary t o  e f f e c t  50 percent  k i l l .  

The thermal-death-time curves were characte ' r is t ic  of m u l t i -  

c e l l u l a r  clumps. Small but c o n s i s t e n t  prZiec t ive  e f f e c t s  

were noted when the  lyoph i l i zed  suspensions were coated w i t h  

a c o l l o i d a l  s i l i c a  powder before  ae roso l i za t ion .  

I 
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80. TFEA’LLIL 3LSTXUCTION OF AEROBIC SPORES IN VMIOUS 

?.!alker, H.  W . ,  Matches, J.  R. 
r 

Eacterbologica l  Proceedings,  p .  5,  1963 

Themal  r e s i s t a n c e  of spores i s  considered t o  be a t  a 

maxinm near  n e u t r a l i t y .  I n  gene ra l ,  the  more ac id  the pH, 

the  lower t h e  heat. requi red  f o r  i n a c t i v a t i o n .  However, i n  

vLew 04 some c o n f l i c t i n g  r e p o r t s  on the  inf luence  of ac id  and 

a l k a l i n e  environments,  a study was undertaken to determine 

the  inf luence  of b u f f e r s  of known composition and piri on 

thermal a e s t r u c t i o n  of spores of Bac i l lu s  megaterium - 1A28 

and - 5. p o l p y x a  1 A 3 9 .  Spore suspensions containing approx- 

Lr?,scsly 1.0 X lo9 spores/m1 were heated a t  100 C i n  phosphate, 

p h t h a l a t e ,  bora te  and c i t r a t e  bu f fe r s  ad jus ted  t o  pH values  

of 5.5, 7.0 and 8.0. Samples were taken a t  3 m i n  i n t e r v a l s  

and assayed f o r  surv iv ing  spores  and f o r  r e l e a s e  o f  d i p i c o l i n i c  

a c i d ,  n i t rogen  and carbohydrate.  Acid and a l k a l i n e  bu f fe r s  

d i d  not  always cause a g r e a t e r  reduct ion i n  v i a b l e  spo res  

than d i d  t h e  n e u t r a l  bu f fe r s .  - B. megaterium 1A28 showed 

g r e a t e r  r e s i s t a n c e  i n  phosphate b u f f e r s  of  pH 5.5 and 8.0 

than i n  phosphate b u f f e r  of pH 7.0.  - B. polymyxa, however, 

shcvzd g r e a t e r  s t a b i l i t y  i n  phosphate bu f fe r s  of pH 5.5 and 

7.0 2nd l e z s  s t a b i l i t y  i n  c i t r a t e  b u f f e r  of pH 8.0 and 
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phchalate  bl;r^fer of p1-I 5.5. C i t r a t e  buf fers  seemed t o  be 

Least favorable  f o r  s u r v i v a l  of  spores .  I n  gene ra l ,  d i p i c o l i n i c  

a c i d  w a s  r e l e a s e d  most r a p i d l y  and t o  the  grearsest e x t e n t  

from those  suspensions i n  which i n a c t i v a t i o n  was g r e a t e s t .  

Similar r e l a t i o n s h i p s  f o r  carbohydrate  and n i t rogen  r e l e a s e  

were n o t  a s  apparent .  



81. COMBINED E F F E C T S  OF ULTRAHIGH VACUUM AND TEMPERATURE 

ON THE VIABILITY OF SOME SPORES AND SOIL ORGANISMS 

Davis, N. S., Silverman, G. J., K e l l e r ,  W .  H. 

Applied , V. 11, n0.’3, ~ p .  202-210, 1963 

Considerably fewer spores  of Bac i l lu s  s tearo thennophi lus ,  

B. megaterium, and Clostr idium were recovered than - 
were spores  of P B. s u b t i l i s  v a r .  n i g e r ,  and Asperg i l lus  n ige r  

a f t e r  4 t o  5 days a t  53 and 60 C i n  u l t r a h i g h  vacuum. 

were no s i g n i f i c a n t  d i f f e r e n c e s  i n  t he  r ecove r i e s  of these  

f i v e  organisms a t  25 C and atmospheric p re s su re ,  and a f t e r  

exposure t o  25 and -190 C i n  vacuum. 

decrease i n  v i a b i l i t y  was demonstrated f o r  - B. s tearothermophilus ,  

B e  and - C. i n  u l t r a h i g h  vacuum than 

at atmospheric pressure .  Viable - B. s u b t i l i s  va r .  n ige r  spores  

7 were n o t  de t ec t ed  i n  an i n i t i a l  10 spores  a f t e r  r e t e n t i o n  

a t  90 C and u l t r a h i g h  vacuum, and 10 spores  were v iab le  a f t e r  

5 days a t  90 C and atmospheric pressure  from a i n i t i a l  10 

spores .  

There , 

A t  60 C ,  a f a r  g r e a t e r  

4 

I 

4 

6 

Molds and actinomycetes i n  s o i l  were p a r t i c u l a r l y  

r e s i s t a n t  up t o  69 C i n  vacuum. Actinomycetes were the  only 

s o i l  organisms recovered so f a r  a t  120 C. 



82. THE EFFECT OF SOME DIVALENT I O N S  ON APPARENT 

SURVIVAL OF HEAT-TREATED COLIFORM BACTERIA 

Abdul-Nuor, B . ,  Nelson, F. E. 

(Abstracted i n  Bac te r io log ica l  Proceedings,  p .  5 )  1963 

Varia t ions  i n  enumeration condi t ions  inf luence  markedly 

apparent; s u r v i v a l  of sub - l e tha l ly  heated non-sporulating 

b a c t e r i a .  Many ions  have no g r e a t e r  e f f e c t  on the  heated 

organisms than on the  unheated c o n t r o l s .  However, Cu++ and 

Cot+ do have some marked e f f e c t s .  A b a s a l  enumeration medium 

containing 1 g NH4H2P04, 1 g K2HP04, 5 g g lucose ,  15 g agar-  

aga r  and 1000 m l  d i s t i l l e d  H20 (pH 6 * 8 ) ,  wi th  incubat ion a t  

32 C ,  was used i n  most s t u d i e s .  Cu* a t  1 .2  X 10-5 M reduces 

t h e  apparent s u r v i v a l  of the  h e a t - t r e a t e d  b a c t e r i a  t o  approx 

10 percent  of t h e  count obtained without  added CuW, while  

unheated organisms g ive  the same count whether o r  not  Cu++ i s  

added t o  the  enumeration medium. Addition of 1 X M Co++ 

i nc reases  apparent  s u r v i v a l  by 5X t o  lox, and 1 X M Coft 

doubles the  count.  The unheated organisms a r e  not  a f f e c t e d  

u n t i l  Co* reaches 2 X 10-5 M ,  a t  which level t h i s  ion  a l s o  

becomes i n h i b i t o r y  t o  t h e  heated organisms. Using commercially 

"purif ied" agar-agar i n  p lace  of usua l  b a c t e r i o l o g i c a l  agar- 

aga r  i nc reases  the  optimum Cow concn t o  1 X 10-5 M. Co i n  . 

B12 does not  have t h e  same effect as does the inorganic ion. 



83* ECOLOGY OF THE SYMBIOTIC GROWTH OF A PlESOPHILIC 

BACTERIUM AT THERMOPHILIC TENPERATURES 

Oates ,  R. P.,  Beers, T. S., Quinn,  L. Y. 

9 p. ' 44 ,  1963 

A s  previous ly  descr ibed ,  a mesophile resembling Bac i l lu s  

m e g a t e r i m  is  capable of growing a t  65 C i n  a s s o c i a t i o n  w i t h  

a thermophile resembling Bac i l lu s  s tearothermophilus .  The 

symbionts demonstrate vigorous c e l l u l o s e  d iges t ion  which i s  
A 

n o t e v i d e n t  when e i t h e r  i s  i n  p u r e  c u l t u r e ,  Bac te r i a - f r ee  

f i l t r a t e s  of t he  symbiotic c u l t u r e  p r o t e c t  t he  mesophile 

a g a i n s t  thermophil ic  temperatures,  which a r e  otherwise l e t h a l  

t o  .it. The mesophile e s s e n t i a l l y  r e t a i n s  the  same biochemical 

r e a c t i o n s  following incubat ion a t  65 C i n  f i l t r a t e s  of t h e  

mixed c u l t u r e  as i t  shows wi th  s e r i a l  passage a t  25 C.  

Ecologica l  s t u d i e s  of t h e  pure and mixed c u l t u r e s  of t h i s  

mesophile and thermophile show complex i n t e r r e l a t i o n s h i p s  i n  

metabol ic  p a t t e r n s .  The mesophile has been shown t o  remove 

o r  convert  a number of chemical compounds which a r e  p re sen t  

in t h e  b a s a l  medium a t  levels t o x i c  t o  t h e  thermophile. Om 

t h e  o t h e r  hand, t he  thermophile e s t a b l i s h e s  s u i t a b l e  eco log ica l  

cond i t ions  f o r  t he  continuous growth of t h e  mesophile a t  65 C. 

When both organisms a r e  growing toge the r  a t  thermophil ic  . ,  

temperatures , the  composite metabol ic  p a t t e r n  i s  markedly 
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different t h a n  t h a t  o the  mesophile or the thermophile. 



84. HEAT S"IZRIL1ZATION OF C FOODS STUDIED 

-- Food and v. 8, no. 12 ,  8. 6 >  1963 

A s o l u t i o n  t o  the  problem of the  slow r a t e  of heat  

t r a n s f e r  i n  hea t  s t e r i l i z a t i o n  of canned foods i s  being 

developed by the  Food Preserva t ion  Divis ion,  Aus t ra l ian  

Coxmaonwealth S c i e n t i f i c  and I n d u s t r i a l  Research Organizat ion,  

Canberra Aus t r a l i a  e prototype mechanical cooker sp ins  the  

cans on an inc l ined  b e l t  while they are heated by steam a t  

atmospheric pressure. The o t a t i n g  cans  are a l s o  sprayed 

w i t h  cool water  t o  reduce t h e  l eng th  o t h e  the food i s  he ld  

a t  the processing temperature.  

.-I 

I 

4 



85. UPPER TEE4 

Kempner, E. S.  

Science, v. 142, pp. 1318-1319, 1963 
I 

The h ighes t  g owth temperatures which have been 
4 

confinned f o r  m i c  oorganisms are 72-75 C. 

temperature i n  ho t  sp r ings  of Yellowstone Nat ional  Park, 

The h ighes t  

wyming, which conta in  obvious alga2 mats &s 73 C. 

above 73 C a r e  pe f e c t l y  c l e a r .  Incorpora t ion  of rad io-  

a c t i v e  phosphorus (suppl ied as H3B3204) i n t o  the  ce l l  

nuc le ic  a c i d s  was considered a metabol ic  t e s t  f o r  growth 

of organisms i n  ho t  sp r ing  waters .  Samples w i t h  r ad ioac t ive  

phosphorus were incubated 48 hours i n  t h e  pools  from which 

they Were C Q l I e C % :  d. Pool runoff and pool temperatures 

ranged from 57 - 93 C. Nucleic a c i d s - w e r e  e x t r a c t e d  wi th  

t r i c h l o r a c e t i c  a c i d ,  t h e  samples d r i e d ,  and r a d i o a c t i v i t y  

determinat ions made wi th  a s c a l e r .  No evidence f o r  a c t i v e  

growth was observed above 73 C. 

concepts f o r  t h e  temperature l i m i t a t i o n  r e l a t e d  t o  d e s t r u c t i o n  

The au tho r  d iscussed  s e v e r a l  

of p r o t e i n s ,  DNA or  RNA. Limi ta t ion  of amino a c i d  acceptance 

by so luble  RNA w a s  considered a p l a u s i b l e  e 'xplanation. 



86. HEAT'RESISTANCE OF CLOSTRIDIUM BOTULINUM TYPE E SPORES 

Graikoski ,  J. T . ,  Kempe, L. L. 

Proceedings,  1964 

- C.  botulinum Type E spores  of seven s t r a i n s  were t e s t e d  

i n  r e spec t  t o  hea t  a c t i v a t i o n  and t h e i r  r e s i s t a n c e  t o  hea t .  

Spores of t h e  var ious s t r a i n s  were produced i n  5 percent  

Trypt icase  , 0.5 percent  Peptone , and 0.2 percent  glucose media 

w i t h  incubat ion a t  33 C f o r  24 t o  48 h r .  Washed-spore suspen- 

s i o n s  were d i l u t e d  wi th  0.067 M PO4 b u f f e r  (pH 7 . 0 )  t o  a 

f i n a l  concentrat ion of l O T / m l .  The spores  were heated f o r  

var ious time i n t e r v a l s  a t  temperatures between 55 and 90 f 

O.5.C. Survivors  were enumerated i n  beef i n fus ion  agar  

contained i n  Mi l l e r -P r i cke t t  tubes.  A t  temperatures of 65 C 

o r  lower, l i t t l e  i n a c t i v a t i o n  of t h e  spores  occurred. 

and 75 C, s i g n i f i c a n t  numbers were i n a c t i v a t e d  wi th in  20 m i n .  

A t  70 

An i nc rease  i n  count occurred upon f u r t h e r  hea t ing  f o r  40 

t o  60 min, i n d i c a t i n g  a c t i v a t i o n  o f  dormant spores.  A t  85 

and 90 C ,  surv ivors  were obtained a f t e r  hea t ing  f o r  120 and 

60 min, r e spec t ive ly .  Of t he  hea t  surv ivors  of  t h r e e  s t r a i n s  

subcul tured i n t o  TF'G media, two produced toxic c u l t u r e s .  

Spores produced by t he  hea t  su rv ivo r s  were s i m i l a r  i n  t h e i r  

r e s i s t a n c e  t o  t he  s tock  suspensions.  This v a r i a t i o n  i n  h e a t  

resistance in the spore suspensions can be explained by the 
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a b i l i t y  ~f Type E c u l t u r e s  t o  produce t h r e e  phases of growth 

w i t h  d i f f e r e n t  phys io logica l  c h a r a c t e r i s t i c s .  



87. IGNIZISG W I A T I O N S  IN TF' PXOCESSISG 07 ?LAX:T .!-XI 

ATIMAL Z'RGDUCTS 

Nickerson, J. T. R . ,  P roc tor ,  B .  E . ,  Goidbl i t l i ,  S .  A .  

- Food Technology, v. 10, no. 7 ,  pp. 305-311, 1956 

Commercial s t e r i l i z i n g  doses for c e r t a i n  vege tab les ,  

f i s h e r y ,  and miscellaneous food products  w e r e  found t o  be 

i n  t he  range 1.5-2.0 X 10 6 d r e p  cathode r a y s  i n  e q e z i m e n t s  

performed w i t h  a Van de Graar' a c c e l e r a t o r  r a t e d  a t  3 n i l l i o n  

e l e c t r o n  v o l t s .  The r a d i a t i o n  r e s i s t a n c e  of  Clostridiu 

sporogenes suspended i n  pureed spinach was increased  when 

compared t o  a i r -packed saiiples i r r a d i a t e d  a t  room temperature 

by i r r a d i a t i n g  i n  n i t rogen ,  vacuum, f r e e z i n g  and V ~ , C U L ~ ,  and 

f r eez ing .  

sporogenes spores  pe r  g requi red  the  aforementioned dose 

range t o  provide no growth i n  any of t e n  samples. 

Vegetable products inocula ted  w i t h  160-1,800 - C .  



88. PHYSICAL AND CHEMICAL FACTORS M O D I F Y I N G  THE SEXSITIVZTX OF 

CELLS TO HIGH-ENERGY AND ULTXAVIOLET RADIATION 

Hollaender,  A.  

_I on 3 PPe 285-295 

J. J. Nickson, E d i t o r  

John Wiley and Sons, New York, 1952 

A review of f a c t o r s  modifying r a d i a t i o n  s e n s i t i v i r y  i s  

presented. Cells a r e  more s e n s i t i v e  t o  hea t  a f t e r  X-ray as 

w e l l  a s  u l t r a v i o l e t  i r r a d i a t i o n .  An Escherichia  c o l i  s t r a i n ,  

however, can be r e a c t i v a t e d  s e v e r a l  hundred-fold i f  incubated 

a t  40 C compared w i t h  incubat ion a t  30 C a f t e r  W exposure,  

The effect  i s  about f ive - fo ld  a f t e r  X-ray treatment.  

- 

Photo- 

reactivation after exposla e t o  UV i r r a d i a t i o n  a t  2537 

l i m i t e d  t o  t h e  wave l e n g t h  range of 3650-4500 b. No s i g n i f i c a n t  

pho to reac t iva t ion  occurs  a f t e r  X-ray exposure. 

around 10,000 given before  X- i r rad ia t ion  w i l l  i nc rease  t h e  

e f f e c t i v e n e s s  of X-radiation i n  producing mutations i n  

I n f r a r e d  

Asperg i l lus  terreus. The i n f r a r e d  a lone  i s  without  effect  

i n  experiments which minimize a rise i n  temperature . Very 

dry - A. t e r r e u s  spores  d i sp l ay  a s t r i k i n g  inc rease  i n  X-ray 

resistance. Aerobical ly  grown E. c o l i  B / r  i r r a d i a t e d  i n  

n i t rogen  and i n  oxygen give a s u r v i v a l  r a t i o  a t  60,000 I: of 
? 

- 
N2/02 >lOOO. Nitrogen can be replaced w i t h  helium, hydrogen, 



$9. A MQDEL QF W B A T I Q  

CELL CQ s, I. TWO-D MQDEL 

Bellman, R. Elk  nd, M. ,  Kotkin, B. 

U. - _ .  S. Government Research Reports,  v. 38, no. 22,  p.  106, 

November 20, 1963 

RAND Corporation , Santa M O Q ~ C ~  Calif0 

N I X  Grant ~ 9 6 0 8  

~ ~ - 4 1 1  864 

To study t h e  effect  of r a d i a t i o n  on t he  population o 

ce l l  co lon ie s ,  a simple model is cons t ruc ted  t h a t  follows 

a ce l l  through a two-dimensional random walk, where one 

dimension r e p r e s e n t s  s t a t e  of growth and the  o t h e r  r ep resen t s  

be r  of si tes damaged, The G 

subjec ted  t o  r a d i a t i o n  exposure a t  p rescr ibed  times and do 
< 

which can be v a r i e d .  The c e l l  will eventua l ly  d iv ide  o r  

become steri le.  An IBM 7090 FORTRAN program of t he  Monte 

Carlo procedure p r e s e n t s  a s t a t i s t i c a l  s a r y  of t h e  r e s u l t s  

a t  the absorbing barrier. 



88,  Cont 'd 

o r  carbon dioxide wi thout  s i g n i f i c a n t l y  changing s e n s i t i v i t y .  

- -  E. c o l i  B / r  grown anae rob ica l ly  and i r r a d i a t e d  anaerobica l ly  

a r e  extremely r a d i o r e s i s t a n t .  I f  the s e n s i t i v i t y  of t he  

extreme cases  i s  compared, a f a c t o r  of 10 i s  found f o r  ce l l s  

grown a e r o b i c a l l y  end i r r a d i a t e d  i n  the presence of oxygen, 

and those grown anae rob ica l ly  and i r r a d i a t e d  i n  the  absence of 

oxygen 

21 references. 



Missiles __I and Rockets, v, 15, no. 2, p.  27, 1964 

While t h e  effects of  i o n i z i n g  r a d i a t i o n s  a r e  being 

heavi ly  s t u d i e d ,  l i t t l e  has b en done on the  sub jec t  o 

the complete l ack  o such r a d i a t i o n s .  Observations by 

Univers i ty  of B rn scientists f o r  s e v e r a l  yea r s  i n  t he  

Simplon t unne l ,  which has been p oven t o  be free of any 

t r a c e s  of cosmic r a d i a t i o n ,  show t h a t  such effects a l s o  

exis t .  

of.€spring . Kordex s6became s t e r i l e  a f t e r  s i  

Artemia eggs showed only a 60-70 percent  rate of 



CTIOM OF BAC INST 

IATIQMS 

Bachofer, C. S .  , Pot 

- The Journal  - of General V. 40, no. 2, 

PP. 289-2310, 1956 

Bacteriophage T l  s t i l l e d  water and 

d wi th  oxygen, n i t rogen ,  

hydrogen, and carbon i r r a d i a t e d  wi th  u l t r a v i o l e t ,  

gama rays  (up t o  37,500 r )  and X-rays. I n  c o n t r a s t  t o  most 

r 
b io log ica l  systems which are sens i t i zed  by oxygen t o  ion iz ing  

r ad ia t ions ,  oxygen p ro tec t s  T l  bacteriophage aga ins t  both 

i r r a d i a t i o n  and hyd ogen peroxide i nac t iva t ion .  The p ro tec t ive  

ef buffer .  S tudies  

wi th  d i f f e r e n t  gases  suggested t h a t  phage is s e n s i t i v e  t o  OH 

r ad ica l s .  This was confirmed i n  exper e n t s  which showed 

t h a t  the  combined effect  of hydrogen peroxide and W ac t ing  

simultaneously was g r e a t e r  than the  effect due t o  these  agents  

ac t ing  separately.  It is proposed t h a t  t he  p ro tec t ive  effect  

of oxygen is  due to  a r eac t ion  between the  phage and oxygen, 

and t h i s  complex confers s t a b i l i t y  upon the  phage. 



ACTZQM OF 

Bair, W e  J e s  Hungate, F. 

Science,  V. 127, no. 3302, p.  813, 1958 

I 

ork was d i r e c t e d  a t  ‘determining whether 

e t h y l e n e d ~ a m ~ n e ~ ~ t r a ~ c e t a t e  (EDTA) would dec ease o r  prev  

plutonium uptak 

plutonium as an  a l p  source in microbial  c u l t u r e s .  The 

i n  growing cells and gemit  t h e  u s e  of 

growth r e s p o i s  of a d i p l o i d  s t r a i n - o f  

c e r e v i s i a e  - toward plutonium and EDTA was recorded i n  an 

autoturbidkmeter .  

3 X loo4 M )  b u t  was delayed appro imate ly  3 hours by plutonium 

(0.5 p c h l ) .  A syn sthc effect  i n  gr t k a  i n h i b i t i o n  wa 

Growth was n o t  a l tered by EDTA (usua l ly  

observed when bo th  materials were p resen t .  Appropriate  

experiments i n  t less plutonium w a s  i n  t h e  cel ls  

when EDTA was p r e s e n t  than  i n  i t s  absence. The EDTA effect 

is t h e r e f o r e  no due t o  an increased  r a d i a t i o n  dose i n  ce l l s  

exposed t o  EDTA and plutonium. S i m i l a r  r e s u l t s  were obta ined  

i n  experiments w i t h  EDTA and tritium (90 mc/ml). 

probably i n c r e a s e s  the apparent  r a d i o s e n s i t i v i t y  of y e a s t  by 

inducing a g e n e r a l  e 

cell. 

EDTA 

nge in t h e  e l e c t r o l y t e  balance of the 



93. AN OBSERVED '0 EFFECT* DURING G ]&ATION 

B A C T E ~ ~ ~ ~  SPORES 

T a l l e n t i r e ,  A. 

Nature, v. 182, pp. 1024-1025, 1958 

The in f luence  of a i  o s e n s i t i v i t y  

s u b t i l i s  spores  was inves t iga t ed .  aqueous susp 

kao l in  was sg ay-dried $Q y i e l d  a 

powder. Samples Q ere f u r t h e r  d r i e d  f o r  6 h 

a t  0.001 mm Hg t o  o b t a i n  a secondary d r i e d  powder. 

of t h i s  l a s t  puwder w re  sea l ed  a t  0.001 mm Hg and a l s o  under 

Por t ions  

dry a i r .  These p repa ra t ions  and prima y d r i e d  powder sea l ed  

in a i r  were i r r a d i a t e d  w i t h  gama  says  over t h e  range 0-325 

krad,  and dos nt suafvivor curves obtained.  The 

presence of a i r  during i r r a d i a t i o n  (oxygen effect)  g r e a t l y  

inc reases  t h e  k i l l  of spores i n  secondary dried powder. A t  

100 krad,  f o r  example, t h e  log percent  su rv ivo r s  i n  secondary 

d r i e d  powder under reduced p res su re  i s  approximately l . 5 ' b u t  

is  -0.3 i n  a i r a  Spores i n  secondary d r i e d  powder i r r a d i a t e d  

i n  a i r  are more s e n s i t i v e  t o  gamma r a d i a t i o n  than s i m i l a r l y  

i r r a d i a t e d  spores  i n  primary d r i e d  powder. The observed 

inve r se  r e l a t i o n s h i p  between mois ture  conten t  and rad io-  

s e n s i t i v i t y  is con t ra ry  t o  w h a t  would be expected from a 

considezat lon of the more u s u a l l y  r epor t ed  p r o t e c t i v e  effect  

resulting from ce l l  d ~ h ~ ~ r a t i o ~ ~  
_ I =  

I 
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CTRQPHORETIC SE CUI4 

NON-US IS 

Sadoff ,  M. L. G 

A s t r a i n  of enterococcus was i s o l a t e d  from a canned 

meat product which had been sub jec t ed  t o  2 106 r ep  of gamma 

r a d i a t i o n .  Subsequent i n v e s t i g a t i o n s  showed t h a t  appro 

mately one percent  of t h e  c e l l s  of t h i s  s t r a i n  a r e  r a d i o  

r e s i s t a n t ,  Routine methods of sub-cul tur ing  were unsuccessful  

i n  s epa ra t ing  e s i s t a n t  and n o n - r e s i s t a n t  f r a c t i o n s ,  even 

when su rv ivo r s  from i n t e n s i v e  r a d i a t i o n  were cu l tu red .  The 

90 .percent k i l l i n g  dose,  D90, f o r  t h e  r e s i s t a n t  organisms is  

of 2 x 105 sg which i o e i g h t  tines t h e  

magnitude of t h a t  f o r  t h e  s u s c e p t i b l e  cells. I n  o rde r  t o  be 

able t o  conduct chemical s t u d i e s  of  t h e  mechanism of r a d i o  . 

resistance i n  t h i s  organism, i t  was necessary t o  devise  a 

method f o r  s epa ra t ing  t h e  r e s i s t a n t  b a c t e r i a  from t h e  t o t a l  

populat ion.  

a cons tan t  f r a c t i o n  of t h e  culture, a phys i ca l  method of 

Since t h e  r e s i s t a n t  cells  appear t o  c o n s t i t u t e  

s epa ra t ion  was attempted. A 30-fold concent ra t ion  of 

res i s tan t  cells  was accomplished by t h e  use  of g r a d i e n t  

e l e c t r o p h o r e s i s .  The technique c o n s i s t s  of  suspending 

washed cells i n  20 percent  g l y c e r o l  and e s t a b l i s h i n g  a 

1 



g4e .C0n t sd  

p o t e n t i a l  and pH g adier i t  a c r o s s  this medium. 

condi t ions m p l ~ y e d  e 

under the  

Isacestally buf ~ K S  a t  pH 4 and pH 6.5 

and p o t e n t i a l  o f  l 5 O  volts ,  t h e  r a d i a t i o n  res is tant  c e l l s  

t he  s u s c e p t i b l e  cel ls  t: t h e  cathode an 

the anode. stance in v e g e t a t i v e  b a s t  

and 

. .  



95. SOME EFFECTS OF E A T  TIOM ON 

GERMINATION QUENT DEVELO S OF 

BACILLUS MEGATERIUM 

Levfnson, H. S., Hyatt ,  M. T. 

S tudies  af t h e  effect  of ion iz ing  r a d i a t i o n  on b a c t e r i a l  

spores  have, d i s t i ngu i shed  between f a i l u r e  of 

n a t e  and f a i l u r e  of t h e  g e m i n a t  d spores  t o  

grow and t o  form co lon ie s .  Bac i l l u s  spores ,  

i r r a d i a t e d  (0.8 megarads) under the  beam of t h e  Van de Graaff 

a c c e l e r a t o r  r e t a i n e d  t h e i r  capac i ty  t o  germinate.  I n  a phos- 

phate-buffered medium containing glucose and s u l f a t e ,  i r r a d i a t -  

ed spores  bee @ s t a i n a b l e  an consme oxygen a t  a r a t e  equal  

t o  that of u n i r r a d i a t e d  spores.  

incubat ion,  t h e  s lope  of  the  oxygen consumption r a t e  curve 

for  un i r r ad ia t ed  spores  again i n c r e a s e s  co inc ident  w i th  

elongat ion,  bu t  i r r a d i a t e d  spores  cont inue t o  consume oxygen 

without  a rate increase .  

After 110 t o  130 min of 

7 

While 75 t o  80 pe rcen t  of the  

germinated u n i r r a d i a t e d  spores  d i v i d e ,  i r r a d i a t e d  spores  do 

not  ga on t o  cel l  d i v i s i o n .  

d i v i d e  i n  any medium we have thus  f a r  i n v e s t i g a t e d ,  we are un- 

Since i r r a d i a t e d  spores  do no t  

c e r t a i n  as t o  t h e i r  v i a b i l i t y .  This v i a b i l i t y  problem becanes 
J 

i nc reas ing ly  d i f f i c u l t  t o  resolve, since a t  high doses e.g., 



95. Cont'd 

1.8 megarads, many of t h e  i r r a d i a t e d  spores become s t a i n a b l e ,  

even i n  t he  absence o f  glucose.  Mmever, even a f t e r  1.8 

megarads of i r r a d i a t i o n ,  t h e r e  is but  l i t t l e  decrease in the  

r a t e  of oxygen consumption during t h  per iod  corresponding 

i n a t i o n .  Spores heated a t  temperatures from 86 t o  90 C 

f o r  15 min, a l s o  appea t o  have r e t a ined  t h e  a b i l i t y  t o  

but  f e w  of t h e  g e m i n a t e d  spo es d i v i d e ,  Both 

hea t  and i r r a d i a t i o n  may des t roy  s imilar  systems r e spons ib l e  

f o r  t he  lo s s  of t h e  capac i ty  of t h e  c e l l  t o  d iv ide .  Differ- 

ences in u l t r a v i o l e t  absorp t ion  spec t r a  of e x t r a c t s  of i r r a d -  

i a t e d ,  u n i r r a d i a t e d ,  and heated spores  may lend som 

tosthis view. The impl i ca t ions  of t hese  r e s u l t s  as they 

. .  
/''- 



IMATIOM OF RE CE QF SELECTED STRA 

OF CLOSTRIDIUM BOTULINUM T N 6  W I A T I Q N S  

Townsend, 6. T. 

National Canners Associat ion,  Berkeley, Cal i  

y 14, 1958 - Decernb 

Contract  BA 19-p-1184 

PB 163 603 OT 

I 

suspensions of e ighteen s t r a i n s  of Clostridium 

botulinum i n c l u  otypes A,B and E were subjec ted  t o  

t h r e e  o r  more s u b l e t h a l  doses o ion iz ing  r a d i a t i o n  i n  beef 

b r o t h ,  n e u t r a l  M/l5 phosphate buf fe  and pork pea bro th ,  

b a s i s  of t he  median doses necessary t o  des t roy  999,900 of 

one m i l l i o n  v i a b l e  spores  (99.99 p e r c e n t ) .  The following 

r e l a t i o n s h i p s  a re  ind ica t ed :  (1) the  r a t e  of populat ion 
i 

r educ t ion  w i t h  inc reas ing  amounts of i r r a d i a t i o n  i s  e s s e n t i a l l y  

logari thmic;  (2) most of the  more r a d i a t i o n - r e s i s t a n t  s t ra ins  

are in t h e  type A group, but  t h e r e  is overlapping between 

a l l  t h r e e  types  s tud ied ;  and (3) r e l a t i v e  r a d i a t i o n  r e s i s t a n c e  

i s  not cons tan t  from one s u b s t r a t e  t o  another .  

\ 



97* INFLUENCE OF G CRQ OF 

CUCUMBER ]FRUIT BLOSSOMS 

E t c h e l l s ,  J. Le, Csstilow, Re e ,  B e l l ,  T. A., 

Rutherford,  H, A. 

P P *  472 1960 

ason 8 samplings of cucumber 

f r u i t  and 2 of cucumber blossoms were i r r a d i a t e d  in a CO-60 

g a m a  source w i t h  a dose s a t e  of 200,000 reps  pes  hs.  Each 

set of samples cons i s t ed  o 10 t o  12  i n d i v i d u a l  l o t s  s e a l e d  

i n  plastic bags to provide f o  

reps .  

dosages from 0 t o  3 m i l l i o n  

Bac te r io log ica l  test were made on each sample f o r  8 

mic.robial  groups: t o t a l  aerobes,  t o t a l  anaerobes , ae rob ic  

spores ,  ana 8 ,  c o l i f o m  bac te  

b a c t e r i a ,  y e a s t s  and molds. P e c t i n o l y t i c  and c e l l u l o l y t i c  

enzyme tests were made on a l l  samples; firmness tests were 

run  on t h e  cucumber samples. Complete s t e r i l i z a t i o n  of small-  

s i z e d  cucumbers (3/4 - 7/8" diam) r equ i r ed  about 3 m i l l i o n  

reps. 

reduced from about 20 b i l l i o n  organisms p e r  g t o  less than 

100 by this dosage; f o r  cucumber f r u i t ,  t h e  reduct ion  was 

from 60 m i l l i o n  pe r  g t o  0. 

T o t a l  mic rob ia l  populat ions of cucumber flowers were 

Dosages s u f f i c i e n t  t o  elimate 

the microb ia l  populat ions from samples of cucumber flowers 

d i d  no t  affect  t h e  p e c t i n o l y t i c  and c e l l u l o l y t i c  enzyme 

\ -  



such samplese The most resistant organisms en- 

countered were the  aerobic  and anaerobic spor -forms; usually 

1 to 10 spores sunrived 1.0 to 2.0 m i l l i o n  reps. The coli- 

i c  a c i d  bact r i a ,  molds and yea 

usually reduced to ex 

sand reps, 0 ut microbial  groups, the co l i fo  

he most seaasiei to the gama rays. In- 

creasing g a m a  dosag -Log losses in 

e ber 



98. THE RADIO USISTANCE OF BACTERIAL SPORES AT 

ELEVATED TEM?ERATURES 

Bellamy, W. De, Erickson, S. T., Lynch, M e  E. 

Radiation Research, v. 14 ,  no. 4 ,  p.  450, 1961 

Suspensions of Bac i l lu s  p u n i l i s  6 C  and - B ,  megaterium 

ATCC 8245 spores  were i r r a d i a t e d  over t he  temperature range 

-178 C t o  110 C w i t h  1.5 MeV e l ec t rons .  

c a p i l l a r i e s  and dose r a t e s  up t o  33 K r  pe r  sec i t  was poss ib l e  

t o  l i m i t  temperature excursion t o  5 m i n  o r  less. The e f f e c t s  

of pre- and p o s t - i r r a d i a t i o n  as w e l l  a s  simultaneaus hea t ing ,  

Using g l a s s  

oxygen during and a f t e r  i r r a d i a t i o n ,  suspension media, dose 

r a t e  and du ra t ion  of hea t ing  were examined. The s u r v i v a l  
( 

\ 

curves of spores  was f i r s t  o rder  under a l l  cond i t ions ,  

while  curves  of  - B.  megaterium var ied  between f irst  order  and 

h igher  o rde r ,  The resistance of anaerobica l ly  i r r a d i a t e d  

- B. pumilis spores  was nea r ly  independent of temperature between 

-178 C and +72 C (Do= 95-105 K r ) ,  whi le  from 7 2 ’ t o  100 C t h e  

r e s i s t a n c e  decreased l i n e a r l y  (Do= 23 K r  a t  95 C ) .  - B.  

rnegc,terium w a s  l ea s t  r e s i s t a n t  a t  0 C over the  same i r r a d i a t i o n  

temperature range. Both organisms were v i r t u a l l y  unaffected 

by 5 min hea t ing  up t o  95 C.  Aerobically i r r a d i a t e d  - B. 

megaterium does n o t  e x h i b i t  a m i n i m u m  s e n s i t i v i t y  over the 

i r r a d i a t i o n  range -70 t o  +80 C but  is independent of temperature.  



98. Cont'd 

Dried spores  a r e  much more r e s i s t a n t  t o  r a d i a t i o n  than spore  

suspensions both  a e r o b i c a l l y  and anae rob ica l ly  a t  e l eva ted  

temperatures e 



99 - YATER , GLYCEROL OXYGEN .4S FACTGM IN 

SENSITIVITY or" .BXCTEAIAL S?O;IES 

fJebb, X. B . ,  Powers, E.. L. 

Radiation Research, v. 1 4 ,  no. 4, dp.  515-516, 1961 

The r e l a t i o n s h i p  between r a d i a t i o n  s e n s i t i v i t y  and wzter  

conten t  w i t h  and without  oxygen was i n v e s t i g a t e d  wi th  Bac i l lu s  

mega te r im spores  exposed t o  le5 mm A 1  XVL X-rays. Spores 

rehydrated on mernbrane f i l t e r s  are about 8 p e r c e n t  nore  

r e s i s t a n t  than i n  t he  a i r -d ry  s t a t e .  Spores i n  water 

suspension t h a t  have never been d r i e d  a r e  about  40 percenis 

more r e s i s t a n t  than a i r - d r y  spores .  An a d d i t i o n a l  reduct ion 

i n  r a d i a t i o n .  s e n s i t i v i t y  of about 2,2  i s  observed spores  

in 8.9 M g lyce ro l  solution: The oxygzn e f f e c t  i n  spores  

suspended i n  water i s  2.0. I n  8 . 9 . N  g l y c e r o l ,  t he  oxygen 

effect  i s  reduced t o  a b o u t . l . 3 .  I n  a i r - d r y  spores ,  the  

l a t e n t  oxygen effect  i s  1.90 and t h e  immediate oxygen e f f e c t  

i s  1.25. These s i m i l a r i t i e s  suggest  coinxnon mechanisms of 

a c t i o n  i n  t h e  wet and d ry  spores .  

a d d i t i o n  g i v e  opposi te  resu l t s .  It i s  ev ident  t h a t  g l y c e r o l  

does not  p r o t e c t  t hese  spores  by t h e  removal o f  free water as 

has been suggested for vege ta t ive  systems. 

Desiccat ion and g l y c e r o l  
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lQOo EFFICIENCY OF INACTIVATION OF DRY 'E-1 BACTERIOPHAGE BY 

PROTONS, DEUTERONS, LXW I O N S  FROM 

Radiat ion Research, - v. 13, * 305-3179 1960 

Lysates  of Escherichia  _ _ o P  c o l i  B and 'IF-3. bacteriophage 

ere d r i e d  on g l a s s  COVI&P s l i p s  i n  a n  evacuated d e s i c c a t o r .  

In a d d i t i o n  t o  cyc lo t ron  s t u d i e s ,  samples were exposed t o  

gamma rays  ~ K O I I I  a CO-60 source,  The g a m a  dose f o r  37 per-  

w t  s u r v i v a l  o y phage i r r a d i a t e d  i n  a i r  i s  over 
r 

a d ,  while for protons ,  deuterons and helium ions  

the same i n a c t i v a t i o n  requi red  5*25  X lo5 r ad ,  About 85,000 

protected suspension. Extreme dryness inhe ren t  in 
* 

t h e  high vacuum'condition i t h e  cyc lo t ron  may son% 



She 3 * 

Developments i n  I n d u s t r i a l  Microbiology, v, 1, pp. 21-25, 

York, Plenum P r e s s ,  1960 

o f  r a d i a t i o n  r e s i s t a n c e  s t u d i e s  from s e v e r a l  

ies  is presented .  Severa l  s t r a i n s  of Escherichia  

Q___ c o l i  have been subjec ted  t o  r a d i a t i o n  and i t  was demonstrated 

t h a t  - _ _ r m _  E.  c o l i  s t r a i n  B is r e l a t i v e l y  r a d i o s e n s i t i v e .  A 

r a d i a t i o n  e s i s t a w t  mutant of E.  P P  c o l i  B was i s o l a t e d  by W i t k i n  

i n  1946, The m u t a n t  s t r a i n ,  B/K, was d i s t ingu i shed  from 

- -  c o l i  B by its d i f f e r e n c e  i n  response t o  u l t r a v i o l e t  E.  

r a d i a t i o n .  Witkin demonstrated t h a t  while  u l t r a v i o l e t  

K a ~ ~ a t ~ ~ n  was a e l e c t i v e  agent  /for the more r e s f s t a n t  B/r 

s which occur ed a s  spontaneous mutat ions of E. - _ _ a  c o l i  B,  

t h e  r a d i a t i o n  a l s o  a c t e d  a s  an inducing agent .  The number 

of r a d i o r e s i s t a n t  mutants increased  i n  frequency as t h e  

Osage of u l t r a v i o l e t  r a d i a t i o n  was increased.  Gaden and 

nley (11953) i r r a d i a t e d  - I _ _  E. c o l i  B ith Co-60 a t  80,000 r/hr 

up t o  3 hours d a i l y .  Samples o f  t h e  i d c u l t u r e s  

were transferr t o  f r e s h  b r o t h ,  bated for 17 hours and 

r e s i s t a n c e  8 the nmbe 

f t e r  17 i r r a d i a t i o n s  a straim 

trafn B which 8 8  even more a d l o r e s i s t a n t  t h a n  s t r a i n  B / K ,  

2. 
3 
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Bryson (1949) and Clark (1952) i n d i c a t e  t h a t  - -  EO c o l i  B / r  had 

an increased r e s i s t a n c e  t o  hydrogen peroxide i n  t h e  c u l t u r e  
, 

medium, In t he  a u t h o r ' s  l abora tory , ,  - -  E.  c o l i  B c e l l s  grown i n  

0 t h  a t  37 C were washed and resuspended i n  M/l5 

phosphate b u f f e r ,  pH 7.0 and i r r a d i a t e d  w i t h  CO-60 a t  26,000 

/hr f o r  4 hours. Po r t ions  o f  t h e  i r r a d i a t e d  cel ls  and non- 

r a d i a t e d  c o n t r o l s  were then p l a t e d  and incubated. The 
e 

remaining i r r a d i a t e d  c e l l s  were then cen t r i fuged ,  resuspended, 

and incubated a t  37 C o r  48 hours.  This procedure was 

repeated through eleven i r r a d i a t i o n s .  The percent  of organisms 

surv iv ing  t h e  i r r a d i a t i o n  dose increased approximately t h i r t y -  

f o l d  over t h e  course of t h e  eleven r a d i a t i o n s .  Nonconclusive 

h e n t s  were a l s o  ca aeied ow t o  test t h  increased  

r e s i s t a n c e  of the  mutant s t r a i n  t o  hydrogen peroxide.  A 

p a r a l l e l  program o f  r a d i a t i o n  exposures o 

s t r a i n  9986 showed a gradual  i nc rease  i n  t h e  r a d i o r e s i s t a n c e  

S e r r a t i a  marcescens 

of t he  c u l t u r  bu t  provided nonconclusive resul ts .  The a b i l i t y  

of misroorgani s t o  adapt  t o  environmental f a c t o r s  is 

algae may be subjec ted  t o  a v a r i e t y  

os le s 

W re 



02, NITRIC OXIDE AS A MODIFEER OF %ON EFFECTS 

QN SHIGELU I?LEXNERX. 

W. M e ,  Davi e $ l o ,  Russell, c e *  

I n t e r n a t i o n a l  J d u r n a l  __e of Radiat ion 3 4, 

A d i s t i n c t i o n  be een the a c t i o n s  of n i t r i c  oxide and 

oxygen on i rradiated b a c t e r i a  is descr ibed ,  One m i l l h o l e  

nitric oxide has a l a t e n t  

gas t h a t  is emoved frm the medi 

f lemerf.  The increased radiosensit 



eriments a r  descr ibed  in which damage, induced i n  

r r a d i a t i n g  in oxygen, i nc reases  after i r r a d i a t i o n ,  

Data is presented  which shows t h a t  water affects o 

dependent mechanisms which may result in lethal damage 

resting ce l l s ,  aqueous mixture o Bac i l lu s  s u b t i l l s  

CTC 3610 spores and kaol in  pmder was f reeze-dr ied  and con- 

tained 0.4 percent water ,  P r h a g  dr ied  powder was f u r  

dried i n  vacuum and samples sea led  at: 10-5 m ~ g ,  under oxygen 

~ l l ~ ~ f n g  Ca-60 i r r a d i a t i o n  t o  50 k ad  (4 t o  1 

krad/min) samples ere stored a t  room tehpe ra tu re  and pla ted  

r ing  p o s t i r r a d i a t i o n  storage f o  72 hr. Viable 

secondary d r i e d  

S 



rimary dried powdero and i n  ehydrated seconda 

er, The i nc rease  i n  rad ia t ion- induced  damage i 

spores stored in 0 gen compared 

i o n  and storage under educed pressur 



B a c i l l u s  subtilis distributed on an inert 

ganic soli substrate were dried by pumping under reduced 

s and then exposed in 

oxygen a% room t ~ ~ e ~ ~ t u ~ e  to CO-60 gama 

a f t e  radiatihow the spores ed in oxygen at temper- 

atuKes ranging from -196 to 50 C SO t 

37, 45, and 5s 6 obability of lethal. damage from post- 
i 

a d i a t i o n  oxygen-dependent mechanisms ncreases with stor- 

i ch  is about 2.6 t F than t h a t  

ed ia te ly  which t h i s  m a  



05. STUDIES OM THE POST1 IATION OXYGEN EFFECT IN 

BACTERZAL'SPORES 

T a l l e n t i r e  Eo , Dickinson 

__I The Journa l  _p of I_. and 9 

I n  t h e  a p p l i c a t i o n  of r a d i a t i o n  s t e r i l i z a t i o n ,  the  

l e t h a l  e f f i c i e n c y  of r a d i a t i o n  can depend on the  s torage  

c ~ n d i t i o n s  of t he  i r r a d i a t e d  m a t e r i a l  Prel iminary 

experiments a e descr ibed aimed a t  determining the  

mechanisms of these  p o s t i r r a d i a t i o n  effects.  Samples of 

owder contaminated wi th  Bacillus s u b t i l i s  spores  

ere d r i e d  a t  less. than loe5 rn Hg, sea l ed  under vacuum and 

eated a t  22 6 with var ious Q S ~ S  of g a m a  r a d i a t i o n  from 

a Co-60 source,  Samples were then s t o r e d  i n  c o n t r o l l e d  

gaseous atmospheres a t  25 C, Exponential  dose l su rv iva l  

curves  W ~ H E ?  p l o t t e d ,  and t h e  s lopes  est imated using the 

: surv iv ing  f r a c t i o n  = e-kDp where k is t h e  

dose &n Krad. Higher va lues  of k i n d i c a t e  

The g r e a t e s t  l e t h a l  e f f i c i e n c y  t h a l  e f f i c i e n c y .  

os t i r radda  t i o n  o r e s  i n  oxygen f o r  

48 hours (k I 0.045 ency occurs  

d e n t i c a l  oxygen t rea  

15 m i n  (IC 811 0.010 M 
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i nd ica t e  t h a t  development of the  p o s t i r r a d i a t i o n  oxygen 

effect  can be a r r e s t e d  by removing the  oxygen, and can be 

r e s t a r t e d  by re-admitt ing oxygen t o  the d r i ed  spore system, 

eatment w i th  n i t r i c  oxide between exposures t o  oxygena, 

however, prevents f u r t h e r  development of the oxygen effect ,  

The authors  c o n c u ~  wi th  the views of Powers, Webb and Kaleta 

(Proc. Matl. Acad. Sci., v. 46, pp. 984-993, 1960) on the 

scavenging o l e  o f  n i t r i c  oxide,  and i n f e r  t h a t  the pos t -  

i r r a d i a t i o n  oxygen e f f e c t  r e su l t s  from an a s soc ia t ion  of f r e e  

i c a l s  w i th  oxygen. P o t e n t i a l l y  ha rmfu l  r a d i c a l s  can be 

removed even a f t e r  exposure t o  oxygen, and a f t e r  p a r t i a l  

development of the oxygen effect ,  Since these r a d i c a l s  a r e  

less a% reduced oxygen pressure, the  authors propose 

that: gaseous oxygen maintains an unstable  oxygen-radical 

h i ch  is  responsible  o r  the p o s t i r r a d i a t i o n  oxygen- 



IQ6, INACTIVATION RATE STUDIES ON W I A T I O N  RESISTAiYT 

NONSPORING SPOILAGE BACTERIA 
- 

Duggan, D. E . ,  Anderson, A .  W., E l l i k e r ,  P. R. 

Proceedings,  p .  22 ,  1962 

Fac to r s  i n f luenc ing  t h e  r e s i s t a n c e  of  nonsporing s p o i l -  

age b a c t e r i a  found t o  su rv ive  high doses  of r a d i a t i o n  i n  food 

were s tud ied .  Raw pureed meat s u b s t r a t e s  were developed t h a t  

could be p i p e t t e d  f o r  q u a n t i t a t i v e  b a c t e r i o l o g i c a l  s t u d i e s .  

Gamma r a d i a t i o n  s u r v i v a l  curves  were determined i n  raw beef 

us ing  four  s t r a i n s  of Micrococcus radiodurans and one c u l t u r e  

of Brevibacterium oregonium. - - B. oregonium was a s  r e s i s t a n t  

as  R l ,  t h e  most r e s i s t a n t  s t r a i n  of - M. rad iodurans .  Su rv iva l  

of t h e  R 1  s t r a i n  was s i g n i f i c a n t l y  g r e a t e r  i n  raw beef and 

r a w  chicken than i n  raw fish o r  i n  cooked beef .  Growth of 

the cel ls  i n  b r o t h  o r  i n  beef d i d  no t  a f f e c t  r a d i a t i o n  

r e s i s t a n c e  i n  beef .  I n i t i a l  c e l l  concen t r a t ion  appeared t o  

have no effect .  

a factor of about 10-5 by 3.0 Megarad, and by a f a c t o r  of 

over  10-9 by 4.0 Megarad, Freezing d i d  of fe r  s i g n i f i c a n t  

The m o s t  r e s i s t a n t  c u l t u r e s  were reduced by 

p r o t e c t i o n  t o  Rle 

W ce l l s  were i r r a d i a t e d  a t  0 C and a t  20 C.  However 

No d i f f e r e n c e s  i n  r e s i s t a n c e  were observed 
J 

cal ls  an 50 C were s i g n i f i c a n t l y  more 

blle on heat tre 
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ment lowered the  r a d i a t i o n  resistance. Rate  of inactivation 

did not appear to d i f f e r  when cel ls  were exposed i n  b u f f e r  . 

9. Thioglycollate OF cysteine i n  b u f f e r  did 

n o t  seem $0 protect cells b u t  ascorba te  enhanced r a d i a t i o n  



107. THE EFFECT OF GAMMA RBDIATION ON N X R O G E N  TUNSFORMATIOMS 

IN SOIL 

Vela,  G. R e ,  Wyss., 0. 

Proceedings,  p. 2 4 ,  1962 

A study has been made t o  determine which of t he  variolas 

processes  involved i n  t h e  n i t rogen  c y c l e  i n  t h e  s o i l  w i l l  

become inope ra t ive  a t  measured l e v e l s  of gamma r a d i a t i o n s .  

The r a d i a t i o n  doses a t  which the  d i f f e r e n t  n i t rogen  t r a n s -  

formations were a f f e c t e d  var ied  widely; n i t rogen  f i x a t i o n  

was permanently i n h i b i t e d  by 0.25 X 10 6 r while  urease 

a c t i v i t y  was s t imula ted  by doses of over 8 times t h a t  value.  

The mechanisms by which these  s e n s i t i v i t i e s  mani fes t  them- 

s e l v e s  a r e  a l s o  q u i t e  d i f f e r e n t  one from t h e  o t h e r ,  Thus, 

using the  s o i l  a s  a biochemical e n t i t y ,  w e  have observed 

t h a t  i t s  n i t rogen- f ix ing  a b i l i t y  i s  a discont inuous func t ion  

of t he  r a d i a t i o n  dose a s  i f  i t  were dependent upon t h e  

s u r v i v a l  o f  a s i n g l e  microorganism capable of f i x i n g  atmos- 

phe r i c  n i t rogen ,  On t h e  o the r  hand, n i t r i f i c a t i o n  g ives  a 

continuous response t o  t h e  r a d i a t i o n  dose; t h e  n i t r i f y i n g  

a b i l i t y  of s o i l  subjec ted  t o  inc reas ing  increments of gamma 

r a y s  approaches zero asymptot ical ly .  The r e l e a s e  of ammonia 

from urea by these  o i l s  i s  enhanced by doses of  r a d i a t i o n  

up t o  two m i l l i o n  roentgens p e r  gram of s o i l ;  apparent ly  



1070 Cont'd 

ammonification is carr ied out by the  surviving spore-formers. 



TLVE ESBSTMCES OF ST'RAZNS OF CLOSTRIDIUM 

BOTULINUM TYPES A AND B AMB TO G RAYS 

Koch, R. B. 

p.  30, 1962 

One hundred 

A ,  43 Type B,  and t h r e e  non-toxigenic s t r a i n s  which could 

o s t r a i n s  of - C. botulinum (56 s t r a i n s  of 

typed) , were mmined for r e s i s t a n c e  to gamma rays .  

When these  organisms were suspended i n  n e u t r a l  phosphate 

4 concent ra t ions  of 10 spores  pe r  tube,  t h e  th re sho ld  

i l i z i n g  dose appeared t o  be 1.4 Mrad. P a r t i a l  s u r v i v a l  

t o  1 .4  Mrad was shown by 10.7 percent  Type A s t r a i n s ,  18.6 

percent  Type B s t r a i n s ,  and one of t h r e e  non-toxigenic s t r a i n s .  

Qverail ,  Typ A s t r a i n s  ind ica t ed  highe r a d i o r e s i s  tances  

than Type B s t r a i n s ,  a l though the re  was overlapping, Repre- 

t h e  most r e s i s t a n t  s t r a i n s  had B va lues  of 

0.317 t o  0.336 

were 0.224 t o  0.253 Mrad, and the most s e n s i t i v e  s t r a i n  

r ad ;  t h e  D values  of a n  in te rmedia te  group 

e The r a d i o r e s i s t a n c e  

t o  t h e  i n t e  i n  S2,  was 6 



logo HEAT AND GAMMA-RblDIATIOM RXSISTANCX OF 

BACILLUS MEGATERIUM SE’OES 

T a l l e n t i r e ,  A . ,  Chio r i ,  C. 0- 

Journal pf Pharmacy and Supplement, 

V,  15, pp. 148T-14932, 1963 

__. 

This r e p o r t  i s  p a r t  of an i n v e s t i g a t i o n  i n  which the  

hea t  r e s i s t a n c e  of b a c t e r i a l  spores  i s  compared wi th  

r e s i s t a n c e  to o the r  phys i ca l  agents  inc luding  ion iz ing  and 

u l t r a v i o l e t  r a d i a t f o n s  and. dehydration. Bacillus 

spores  were produced i n  a chemically def ined  l i q u i d  medim 

conta in ing  Mg and Fe as s o l e  d i v a l e n t  m e t a l l i c  ions and 

glucose,  L-glutamic a c i d  and L-asparagine a s  carbon and 

ogew sourceso  Washed spore suspensions were heated for 

d i f f e r e n t  per iods  i n  a ba th  a t  100 C. Exponential  time/ 

s u r v i v a l  curves  were p l o t t e d  and the s lopes  used as a measure 

of hea t  r e s i s t a n c e .  S imi l a r  p l o t s  w e r e  prepared fol lowing 

exposure of a e r a t e d  spores  t o  CO-60 gamma rays  a t  22 C. Mg 

and Fe OK Mn were e s s e n t i a l  f o r  sporu la t ion .  Spores produced 

i n  t h e  medium containing Mg and Fe a r e  t h e  l e a s t  hea t  

resistanas;  substi ion of Fe by Mn p l u s  Ca doubles hea t  

e s i s t a n c  d d i t  of GaOto the -Fe medium does not  

81 on of Mn t o  t h e  Mg-Fe medi 
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g i v e s  spores  of in t e rmed ia t e  hea t  r e s i s t a n c e  as does a d d i t i o n  

of both  Mn and Ca. 

to d i v a l e n t  m e t a l l i c  ion content  of the medium. 

Gama r a d i a t i o n  r e s i s t a n c e  w a s  no t  r e l a t e d  



%Q. A DEPENDAWE OM WATER CONTENT OF BACTERICIDAL EFFICIENCY 

OF G -RADIATION 

T a l l e n t i r e ,  A * ,  Dickinson, N. A . ,  C o l l e t t ,  J. H. 

_s The Journa l  - of Pharmacy II_ and Pharmacology Supplement, 

V, 15, pp. 180T- 18lT, 1963 

Bac i l lu s  megaterium spores  d r i e d  on kao l in  were e q u i l i b r a t e d  

-4 i n  vacuum to known w a t e r  vapor pressures  i n  t he  range 5 X 10 
t o  21 t o r r .  Gama i r r a d i a t i o n  (CO-60) of spores  of d i f f e r e n t  

water  conten t  was c a r r i e d  out  a t  22 C i n  the  absence of oxygen, 

To avoid l e t h a l  damage from t h e - p o s t - i r r a d i a t i o n  oxygen e f f e c t ,  

samples were then soaked w i t h  water ' i n  anoxia before  

exposure t o  the  atmosphere. The l e t h a l  e f f i c i e n c y  of r a d i a t i o n  

inc reases  by about 35 percent  i n  changing from the  d r i e s t  

spore s t a t e  t o  one i n  which they a r e  a t  100 percent  r e l a t i v e  

humidity a t  room temperature (23 C ) .  Radiation e f f i c i e n c y  

i n c r e a s e s  over  t he  vapor pres su re  range 4 0 6  t o  8.0 t o r r ,  i s  

unaffected by a 10,000-fold decrease i n  water  vapor p re s su re  

below 4.6 ~ O K K ;  and above 8.0 t o r r ,  when e f f i c i e n c y  is  

h i g h e s t ,  remains unchanged over  a t h ree fo ld  inc rease  i n  

equi l ibr ium pressure .  High e f f i c i e n c y  is  also observed when 

o r e s  on k a o l i  r a d i a t e d  i n  t he  w e t  s t a t e .  P a r t  of 

t h e  l e t h a l  damage ed i n  spores  by gamma r a d i a t i o n  can 

thus  be mediated er. The authors  stress t h a t  cons ide ra t ion  



should be given to a l l  f a c t o r s  which a f f e c t  b a c t e r i c i d a l  

e f f i c i e n c y  0 a g iven  r a d i a t i o n  dose from t h e  viewpoint 

of radiation s t e r i l i z a t i o n ,  s i n c e  water  vapor p a r t i a l  

p re s su res  may be on e i t h e r  side of the c r i t i c a l  range. 

a 



111, "lERMA6, A N N E A m N T  AHD NITRIC OXIDE EFFECTS ON FREE 

RADICALS IN X-IRRADIATED CELLS 

Ehre t ,  C. F., Smaller ,  B . ,  Powers, E ,  Lo., Webb, R. B e  

Science, v. 132, pp. 1768-1769, 1960 

Studies  on t h e  inf luence  of phys i ca l  and chemical f a c t o  

on the  response of dry spores  t o  X- i r r ad ia t ion ,  a s  measured 

by colony-forming capac i ty ,  have revea led  a systematic  

s e n s i t i v i t y  t o  such f a c t o r s  as gas and temperature during and 

a f t e r  i r r a d i a t i o n ,  This r e p o r t  p r e s e n t s  evidence f o r  t h e  

ex is tence  of long-l ived free r a d i c a l s  which a r e  pos tu l a t ed  t o  

f o r a  l e t h a l  complexes wi th  oxygenp OK rendered h a m l e s s  i f  

scavenged by chemical recombination o r  annealed by thermal 

energy. 

resonance spectroscopy a f t e r  i r r a d i a t i o n  a t  doses of 4000 kr; 

Free r a d i c a l  spec t r a  were obtained by e l ec t ron  s p i n  

weaker s i g n a l s  were obtained a t  doses a s  l o w  a s  250 kr. No 

s i g n a l s  were found w i t h  un i r r ad ia t ed  spores ,  I n  v i a b i l i t y  

s t u d i e s ,  exposure of spores  of B a c i l l u s  megaterium t o  h igher  

temperatures a f t e r  anoxic i r r a d i a t i o n  r e s u l t s  i n  t h e m o r e s t o r a t i o n  

- 1  

of a cons iderable  f r a c t i o n ,  I f  anae rob ica l ly  i r r a d i a t e d  spores  

are exposed o oxygen before  annealment, no p a r t  of t he  

8 r e v e r s i b l e .  Nitric oxide enhances s u r v i v a l  
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oxide could be explained by its scavenging a c t i o n  on long- 

l i ved  oxygen-reacting r a d i c a l s .  



lh2e STUDIES ON THE DOSE REQUIEmNT FOR THE RADIATION 

STERILIZATION OF MEDICAL EQUIPXENT: I. INFLUENCE OF 

e )  Ley, P. J. 

Journa l  of , V .  26, no.3, pp. 484-489, 

1963 

a t e r i a h  con ta in ing  B a c i l l u s  pumilis sporess and l i q u i d  

suspensions of these  spores rece ived  2.5 megarad gamma 

r a d i a t i o n .  Nei ther  t h e  kind of medium o r  suppor t ing  s u r f a c e  

af fec ted  zadiaziow r e s i s t a n c e  except  under l o c a l  anoxic 



I 

EN CONTINUOUS 

Bust 

J o u r n a l  of 

1963 

- 

The interruption o f  dose delivery, as might occur in 

p l a n t  opera t ion ,  

of gama r a d i a t i o n .  



14, THE INFLUENCE OF SUBSTMTE ON THE RADIATION 

RESISTANCE OF CLOSTRIDIUM BOTULINUM 

Grecz, N . ,  Walker, A .  A . ,  A n e l l i s ,  A .  

(Abstracted i n  Proceedings,  p .  4 )  1963 

Survivors  of  C. botulinum 33A a f t e r  0.7 and 0.9 Mrad 

of CO-60 were determined i n  beef d inne r ,  bo ra t e  bu f fe r  and 

tris buffer.  (all.  a t  pH 6 ) .  The temperature during 

i r r a d i a t i o n  was con t ro l l ed  a t  -196, -150, -100, -50 ,  -20 ,  

03 +203 +40, +60, +80 and +gO C .  The r a d i a t i o n  s u r v i v a l  

curves formed a p l a t eau  which was unaffected by temperature 

v a r i a t i o n s  a t  t h e  region below -50 C (beef d inne r )  and -100 C 

(bora te  and tris b u f f e r s )  a t  both 0.7 and 0.9 Mrad. 
I 

lowest radiation resistance ~f spores  represented  a 

shallow trough i n  t h e  s u r v i v a l  curves a t  t he  following 

temperatures e 

Beef d inner  o c  +40 C 

Borate b u f f e r  -20 c o c  
T r i s  b u f f e r  4.20 c - 

Above the most s e n s i t i v e  a r e a ,  t h e  r a d i a t i o n  r e s i s t a n c e  

a sharp  peak which 

a: of r a d i a t i o n  re- 

i . 



0.9 Mrad 

Beef d inner  >+go c +85 C 

Borate buffer +75 c +65 c 

T r i s  b u f f e r  +65 C 

The s u r v i v a l  curves  i n  bo ra t e  and t r is  buf fe r s  

coincided a t  temperatures below 0 C. The curves separated 

above 0 C showing a markedly higher survival i n  borate  b u f f e r .  



5 .  EFFECT OF L I Q U I D  NITROGEN TEMPERATURE ON RADIATIO;?d 

RESISTANCE OF SPORES OF CLOSTRIDIUM BOTULINUM 

Grecz, M e ,  Snyder, 8. P . ,  Walker, A. A., Schneider,  M. De, 

A n e l l i s ,  A .  

An appara tus  c o n s i s t i n g  of a Dewar f l a s k  and a r e l a y  

system c o n t r o l l i n g  t h e  flow of l i q u i d  n i t rogen  permitted 

t h e  i r r a d i a t i o n  of samples i n  t i n  cans o r  pyrex tubes a t  any 

temperature ranging from 0 C t o  -196 C wi th  an accuracy of 

f 1.5 C.  

An inocula ted  pack comprising 320 cans of ground beef 

conta in ing  5 X LO4 spores  p e r  can of I C.  botulinum 3 3 A  was 

i r r a d i a t e d  w i t h  Co-60 a t  -196 C and 0 C. Incubation was 

c a r r i e d  out  a t  30 C f o r  6 months. 

more r a d i a t i o n  was requi red  t o  i n a c t i v a t e  the  spores  a t  -196 C 

Approximately 0.9 megarad 

than  a t  0 C. Cans t r e a t e d  a t  -196 C showed p a r t i a l  spoi lage  

a t  3.6 megarad and no spoi lage  a t  3.9 megarad, the  correspond- 

i n g  spoi lage  - no spo i l age  doses a t  0 C w e r e  2.7 and 3.0,  

. respec t ive ly .  The ma jo r i ty  of p o s i t i v e  cans swelled i n  2 t o  

1 4  days; occas iona l  s w e l l i n g  occurred as l a t e  as 33 days. 

11.0 - 1.5 megara g ~f cans was more r ap id  than in 

e s s i v e l y  higher  doses  
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swel l ing was delayed p ropor t iona l ly  t o  t h e  r a d i a t i o n  dose 

received,  The remaining non-swollen cans had no tox in  a f t e r  

6 months of s t o r a g e ,  a l though occasional  cans contained 

dormant tox igenic  spores .  

The r a d i a t i o n  r e s i s t a n c e  of - C. botulinum 3 3 A  i n  phosphate 

bu f fe r  also increased  somewhat a t  -196 C a s  compared wi th  0 C, 

al though t h e  inc rease  was not  as marked a s  in ground beef.  

The D-value was 00322 megarad.at  -196 C and 0.304 megarad 

a t  0 C. 



l16e MICROBIAL SURVIVAL IN GAMMA-IRRADIATED SOILS OF 

DIFFERING PHYSICAL-CHEXICAL COMPOSITION 

Hervey, R. J., Williams, Z.  M . ,  Krise, G. M. 

B a c t e r i o l o g i c a l  Pr_oceedings, p. 4 ,  1963 

Autoclaved s o i l s  employed f o r  c u l t u r i n g  t h e  fungus,  

Phymatotrichum omnivorum, d isp layed  low-level t o x i c i t y .  

Gamma i r r a d i a t i o n  was explored a s  a n  a l t e r n a t i v e  t o  h e a t  

s t e r i l i z a t i o n .  Air-dry soilsp of widely d i f f e r i n g  physicab- 

chemical composition (Pullman c l a y  loam -- c l  34 pe rcen t ,  

sand 36 pe rcen t ,  

-- c l  58 percent  

org  mat 1 . 4  pe rcen t  and Houston Black c l a y  

, s 6 pe rcen t ,  om 2 .8  p e r c e n t ) ,  were 

i r r a d i a t e d  w i t h  874 and 1,747 thousand r ads  of Gamma r a y s  

(from 2,000 curie CO-60 s o u r c e ) .  

sorghum-seed samples i n  g l a s s  c o n t a i n e r s  were exposed. 

Microbia l  s u r v i v a l  was determined on 4 l i q u i d  and a g a r  media; 

t o t a l  and h e a t  r e s i s t a n t  (80 C -10 min) cuunts  on t r y p  -g lu  

s o i l  ext and n u t r i e n t  a g a r  d i l u t i o n  p l a t e s ,  

k i l led  a l l  s o i l  fung i ,  seed embryos and seed-borne organisms. 

Neither dosage k i l l e d  all s o i l  b a c t e r i a  and actinomycetes 

(99.64 - 99.71 percent  under low; 99.998 percent  under h i g h ) ,  

Clay and organic  m a t t e r  had no p otective effect  

w i s e ,  more microbes survived l o w  i r r a d i a t i o n  i n  sandy, low 

o rgan ic  PCL than i n  c layey ,  hig organic  HBC; h igh i r r a d i a t i o n  

One-hundred g s o i l  and 10 g 

Low i r r a d i a t i o n  

Percentage- 
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s u r v i v a l  (both s o i l s )  was approximately equal .  Higher per-  

centages of a l l  h e a t - r e s i s t a n t  organisms (composing 1 . 4  and 

5.7 percent  of t o t a l  popula t ions)  of PCL (conta in ing  15.3 

m i l l l g )  and HBC ( 9  mill/g) survived i r r a d i a t i o n  than hea t -  

s u s c e p t i b l e  organisms. Heat and i r r a d i a t i o n  s u r v i v a l  pe r -  

centages i n  a l l  actinomycetes (composing 18 - 19 percent  of 

t o t  pop) were gene ra l ly  g r e a t e r  than i n  b a c t e r i a  and heat-  

r e s i s t a n t  actinomycete s u r v i v a l  (both dosages) g r e a t e r  than 

b a c t e r i a l  spores .  

media, survived;  a f e w  u t i l i z e d  NH4NO3 N e  

Mainly aerobes,  p r e f e r r i n g  complex organic  



117. INACTIVATION OF YOUNG ENCYSTING AZOTOBACTER CELLS 

BY I O N I Z X N G  RADIATION 

Roberts ,  T. L. 

B a c t e r i o l o g i c a l  Proceedings,  p. 4 ,  1963 

Young encys t ing  ce l l s  of Azotobacter s t r a i n s  appear 

t o  be very s e n s i t i v e  t o  r a d i a t i o n  a s  evidenced by t h e i r  

s ap id  i n a c t i v a t i o n  by u l t r a v i o l e t  r a d i a t i o n .  Inc reas ing  

r e s i s t a n c e  of matur ing c y s t s  t o  gamma r a d i a t i o n s  has been 

r epor t ed  (J. Bact.  84:119, 1962). These f i n d i n g s  i n d i c a t e  

t h a t  young encys t ing  cel ls  of Azotobacter v i n e l a n d i i  12837 

might s e rve  a s  r e l i a b l e  b i o l o g i c a l  s e n s o r s ,  o r  dosimeters ,  

of i on iz ing  r a d i a t i o n s ;  t h e r e f o r e ,  i n a c t i v a t i o n  by gamma 

r a y s ,  X-rays, and pro tons  was i n v e s t i g a t e d .  Seventy-two- 

-our ce l l s  of - A .  v i n e l a n d i i  suspended i n  wa te r  were exposed 

t o  CO-60 gamma r a y s ,  250 Kvp-18 Ma X-rays, and 14 Mev pro tons-  

A f t e r  i r r a d i a t i o n ,  colony counts  were made and percent  i n -  

a c t i v a t i o n  determined. Gamma and X-ray doses  of 30 t o  100 r 

i n a c t i v a t e d  10 t o  30 percent  of the  ce l l s ,  while about 90 

percen t  of the ce l l s  were i n a c t i v a t e d  by 6,000 r. 

20 t o  25 pe rcen t  of t h e  cel ls  were i n a c t i v a t e d  by 30 t o  100 

r a d  whi le  about  75 pe rcen t  were i n a c t i v a t e d  by 6,000 rad.  

Although suggestion is made for m i n i m  dose effect, 

these young e eysting cells show s 

With pro tons  

ilar sensitivtlt. 
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r ays ,  X-rays, and. p ro tons  a s  t o  u l t r a v i o l e t  r a d i a t i o n .  



1%8e EFFECTS OF EXPOSING LYSOGENIC BACTERIA TO A 

PULSE REACTOR 

I c h i k i ,  A .  T. 

Bac te r io log ica l  Proceedings,  p. 5 0 ,  1963 

8 

Previous s t u d i e s  by Marcovich have ind ica t ed  t h a t  t h e  

lysogenic bacterium Escherichia  - c o l i  K 1 2  (lambda) could be 

u t i l i z e d  a s  a system f o r  d e t e c t i n g  and measuring the  b i o l o g i c a l  

e f f e c t s  of X- and gamma rays  de l ive red  a t  r e l a t i v e l y  low 

doses.  The purpose of t h i s  study is t o  determine the  e f f e c t s  

of  a pulse  from a Godiva type r e a c t o r  on E.  - -  c o l i  K 1 2  (lambda). 

A t  d i s t ances  from 50 cm t o  2 m from the  c e n t e r  of t he  c o r e ,  

between 150 t o  10,000 r a d s  of f a s t  neutrons and 10 t o  600 

rads  of gamma rays  were de l ive red  t o  the lysogenic system, 

The r a d i a t i o n  effects  of  the  neutrons and gamma rays  on t h e  

K 1 2  (lambda) a r e  descr ibed  i n  the  following p r o p e r t i e s :  

s u r v i v a l  and induct ion  of the  K 1 2  ( lambda),  l eng th  of t h e  

l a t e n t  per iod and b u r s t  s ize  of  t h e  induced b a c t e r i a ,  i n -  

a c t i v a t i o n  of t h e  lambda phage, and s u r v i v a l  of the  Kl2. 

The b i o l o g i c a l  effects of  t he  mixed f i e l d  were compared, f o r  

the inves t iga t ed  p r o p e r t i e s ,  w i t h  the  K 1 2  (lambda) exposed 

eo a 250 KVP -ray u n i t .  The r a d i a t i o n  effects of t h e  mixed 

f i e l d ,  which i s  p r imar i ly  fast neutrons,  d i f f e r e d  from X-rays 

i n  one not iceable  proper ty  of  the  lysogenic  b a c t e r i a ;  t h e  
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l a t e n t  per iod of t he  reactor" exposed K 1 2  (lambda) appeared 

t o  be s i g n i f i c a n t l y  s h o r t e r  than t h a t  observed wi th  250 KVP 

X-rays e 



19 REQUXEMENTS FOR DEVELOPMENT OF RADIORESZSTKiYCE 

I N  ESCHERICHIA C O L I  

S t ap le ton ,  G, E.  

Bac te r io log ica l  Proceedings,  p. 5 0 ,  1963 

Escherichia  - c o l i  grown i n  glucose-amino a c i d  media wi th  

inadequate bu f fe r ing  develop a remarkable r e s i s t a n c e  t o  i n -  

a c t i v a t i o n  by ion iz ing  and u l t r a v i o l e t  r a d i a t i o n s ,  hea t  and 

chemical agents .  The time sequence a s  w e l l  a s  t he  n u t r i t i o n a l  

requirements f o r  t h i s  phenomenon have been s t u d i e d  i n  some’ 

d e t a i l .  It i s  c l e a r  t h a t  two phases a r e  involved separable  

on the b a s i s  of n u t r i t i o n a l  requirements.  Cells removed 

from glucose-amino acid-containing media during the  s t a t i o n -  

a r y  phase a f t e r  t he  pH has reached 5.0 a r e  l a r g e ’ c e l l s  and 

conta in  about twice the  amount of t h e  c h i e f  macromolecular 

components a s  do s e n s i t i v e  c e l l s ,  bu t  a r e  not  r e s i s t a n t .  

Washed suspensions of these c e l l s  w i l l ,  however, develop 

maximal r e s i s t a n c e  i n  4 t o  6 h r  a t  37 C i n  e i t h e r  complex 

minimal s a l t s -g lucose  media i f  t he  pH i s  ke.pt low. It i s  

known t h a t  t hese  very condi t ions a l t e r  t h e  enzyme concent- 

r a t i o n s  of th i s  spec ies  as w e l l  as the  end products  of 

eosb metabolism. o mutant s t r a i n s  have been found t h a t  

metabolic block f 
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prevents t he  development of r e s i s t a n c e  i s  being i n v e s t i g a t e d .  

It i s  of i n t e re s t  t h a t  t he  r e s i s t a n t  ce l l s  of s t r a i n  B / K  (CSH) 

can express t h e i r  r e s i s t a n c e  only when p l a t e d ,  a f t e r  i r r a d i -  

a t i o n ,  on media containing c e r t a i n  amino ac ids .  These f i n d -  

ings a r e  i n  accord wi th  the  idea t h q t  r e p a i r  processes  may be 

the  important determinants of r a d i o s e n s i t i v i t y .  However, t he  

a b i l i t y  of cel ls  t o  develop such capac i ty  depends on t h e i r  

p r e i r r a d i a t i o n  c u l t u r a l  h i s t o r y ,  



120. INACTIVATION OF ULTRADRIED BACTERIAL AHD 

MOLD SPORES BY GAMNA IRRADIATION 

Davis, N. S . ,  Silverman, G .  J . ,  Keller, W e  H. 

Bac te r io log ica l  Proceedings,  p. 26, 1963 

Spores of Bac i l lu s  stearothermophilus,  - B. s u b t i l i s  va r .  

niger, - B. rnegaterlum, Clostridium sporogenes, and Asperg i l lus  

n iger  were placed i n  u l t r a h i g h  vacuum ( l o m 9  t o  t o r r )  

f o r  5 days and then i r r a d i a t e d  t o  100,000 and 200,000 rads  

i n  a Co-60 i r r a d i a t o r ,  Specimens were i r r a d i a t e d  i n  vacuum, 

in a i r  following vacuum treatment;, and as  des icca ted  spores 

not  exposed t o  vacuun. An apparent oxygen e f f e c t  was demon- 

s t r a t e d  f o r  u l t r a d r i e d  spores  exposed t o  a i r  immediately 

p r i o r  t o  i r r a d i a t i o n .  A reduct ion of from one-third t o  one- 

n i n t h  of t he  v i a b i l i t y  of spores  i r r a d i a t e d  i n  vacuum occurred 

w i t h  vacuum-treated spores  i r r a d i a t e d  i n  a i r .  I n  c o n t r a s t  t o  

I 

t h i s  s i t u a t i o n ,  t h e r e  were no apprec iab le  d i f f e r e n c e s  i n  

recovery of spores  i r r a d i a t e d  i n  vacuum and i n  t h e  des i cca t ed  

state exposed t o  a i r .  

.. 

j !  
4 



121. INVESTIGATION OF PEROGNATHUS AS AI EXPERIMENTAL 

ORGANISM FOR RESEARCH I N  SPACE BIOLOGY 

Gambino, J. J. Lindberg, R. G .  

F i r s t  Quar t e r ly  Progress Report ,  Qctober  1- 

December 31, 1963, NASA Contract NASw-812, 

Northrop Corp. Hawthorne Cal i forn ia  

NASA CR-55553; NSL-64-29-1 

Perognathus longimembris were subjected t o  1400 r CO-60 

i r r a d i a t i o n .  Oxygen (100 percent )  was adminis tered t o  one 

group dur ing  the  i r r a d i a t i o n ,  another  group was splenectomized 

p r i o r  t o  i r r a d i a t i o n ,  and a t h i r d  group was forced t o  maintain 

i t s  body teinperature during the  30-day p o s t i r r a d i a t i o n  per iod .  

Survivors occurred in all groups, suggest ing t h a t  n e i t h e r  

hypoxia mechanisms nor the  lowered metabolic r a t e  a r e  

respons ib le  f o r  t h e  remarkable r a d i a t i o n  r e s i s t a n c e  of 

. 



STUDY OF THE EFFECTS 0 COMBINING ULTRASONIC 

IATION UPON BACTERI 

- U. 2. Government Research Reports ,  v. 38, no. 22, p. S-20, 

November 30 ,  1963 

Stanford Research I n s t i t u t e ,  kaenlo Pa k ,  California 

F i n a l  Report: Noe 2 or 7 ,  11960 June 6 ,  19611 

Cont rac t  Dah lg-129- ~p-1.610 

P r o j e c t  NO. PBU-3289 

PB 163 593 QTS 

The program included experiments t o  determine t h e  effects 

of in sona t ion  and i r r a d i a t i o n  a p p l i e d  s e p a r a t e l y  and in 

on to suspensions "o f  Clostrid& botulinum spores. 

A t  va r ious  f r equenc ie s ,  insonat ion '  under c a v i t a t i o n  cond i t ions  

for up t o  40 rnin OK longer  g e n e r a l l y  r e s u l t s  i n  h ighe r  spore  

counts  than in u n t r e a t e d  c o n t r o l s .  Extended t rea tment  for  

60-80 min has a very n o t i c e a b l e  k i l l i n g  effect  on t h e  S ~ O K ~ S .  

The most g e n e r a l l y  obse ved effect  of combining in sona t ion  

a d l a t i o n  i s  an enhancement of the k i l l i n g  effect  of 

the ~ o ~ ~ z ~ ~ g  rad a t ion ,  even unde i t i o n s  which do 



123. THE E F F E C T  OF ACRYLhlMIDE AND ITS HYDROGENATED 

D E R I V A T I V E  OM IRRADIATED BIOLOGICAL SYSTEMS 

Kozlov, Yu. P., Kalabykha, T. N. 

I n  E f f e c t s  of Some Chemical Agents on Living Matter ,  

Trans la t ion  from Doklady Akademii -- Nauk S S S R  (Moscow) f ,  

~e 152, no* 3 s  pp* 7’37-743, 1963 

QTS: 64-21994 

JPRS: 24050 

The inf luence  of aqueous s o l u t i o n s  of acrylamide and i t s  

hydrogenated d e r i v a t i v e  propionic  a c i d  amide on the  degree of 

polymer g r a f t i n g  on i r r a d i a t e d  wheat seeds,  on the  s u r v i v a l  

r a t e  of i r r a d i a t e d  d i p l o i d  y e a s t  ce l l s ,  and on the  degree of 

hemolysis of i r r a d i a t e d  human ery throcytes  was inves t iga t ed .  

I n  a l l  cases  in t roduct ion  of acrylamide l ed  t o  i n h i b i t i o n s  

in t he  free r a d i c a l  s t a t e s  a r i s i n g  from i r r a d i a t i o n  while  the 

hydrogenated d e r i v a t i v e  had a completely opposi te  effect .  



124, TEE PIIYSTOLOGICAL CHAHGES PRODUCED IN YEAST BY 

ULTRA-VIOLET LIGHT 
I 

Duggar, B. M e ,  Ande 

Science,  v. 90, e 358, 1939 

Exposure of c e r e v i s i a e  cells t o  2650 A 

u l t r a v i o l e t  r a d i a t i o n  followed by h e a t  t reatment  a t  50 C i s  

2-5 t i m e s  more l e t h a l  than the  reverse procedure.  $re- 

i r r a d i a t i o n  inc reases  the uptake of methylene blue a f t e r  

hea t ing ,  b u t  does not  a f f e c t  t he  e sg i r a  tiow r a t e  e Ult ra-  

v i o l e t  doses which prevent  COISWY development do n o t  a f f e c t  

r e s p i r a t i o n  r a t e ,  



1-25~ RESISTANCE OF BACTERIAL SPORES TQ G I W J C A T & O M  

Morgan, B. He, Reed, ;de 

P Food Research, v. 19, P o  357-3669 1954 

- 
Spores of thermophilic anaerobe NCA 3814 were more 

susceptible to heat treatment at 240 P after receiving 

250,000, 600,000, and 1,000,000 rep gama  irradiation from 

a CO-60 source. Bacillus and - E, stearothemophilus 
endered more sensitive to gama  radiation by prior 

heat treatment e 



126. PILOT THEORETICAL STUDY O F  THE E F F E C T  O F  WEIGHTLESSNESS 

AND DENSELY I O N I Z I N G  RADIATION ON S I N G L E  C E L L S  

P o l l a r d ,  E. C., Yies ley ,  W e  , Barone, T1, Weare, J e  

Pennsylvania S t a t e  Un ive r s i ty ,  Un ive r s i ty  Park 

F i n a l  Report ,  NASA Grant MSG-182-62, 16 .ppe  

January 1 4 ,  1964 
d 

The r e l a t i o n s h i p  between the  behavior of a l i v i n g  c e l l  

and t h e  mechanical stress set  up by in te rmolecular  f o r c e s  i n  

response t o  t h e  d i s t o r t i o n  produced by g r a v i t y  was i n v e s t i g a t e d .  

Theore t i ca l  c o n s i d e r a t i o n s  a r e  given t o  the  ques t ion  of 

whether the absence of g r a v i t y  w i l l  a f f e c t  t h e  behavior  of  

a ce l l  of a l i v i n g  system. 



l . 2 ~ ~  COmHNED USE OF IRRADIATION, XEAT VITAPIIN Kj FOR THE 

DESTRUCTION OF SALMONELLA 

Licciardello J J. 

Personal Communication, 1964 

Vitamin % sensitizes Salmonella to g a m a  irradiation 
only  when the substrate (buffer) contains no organic matter 

and only in the absence of oxygen. These is no enhanced 

effect of temperature on radiosensitization by vitamin K5 

over the tempzrature range 32 - 120 F. The radiosensitizing 

effect of vitamin % is less at the higher temperature than 

at lower temperatures. 



1.28~ EFFECT OF TEMPEMTURE: ON RADIOSENSHTIVI'FY OF 

SALMONELLA TYPHIMURIUM 

L i c c i a r d e l l o ,  J. J. 

Journa l  _.c of Food Science,  v. 29, no. 4, pp. 469-474, 1964 

Radiosens i t i v i ty  r e s u l t i n g  from simultaneous gamma 

i r r a d i a t i o n  and hea t ing  was compared w'ith the  b a c t e r i a l  

d e s t r u c t i o n  which occurred when i r r a d i a t i o n  and hea t  were 

app l i ed  i n  succession,  Cells were suspended i n  whole egg 

magma and l i q u i d  egg during t rea tment ,  s ince  the  simultaneous 

m 

t r e a t m e n t  technique might be p o t e n t i a l l y  use fu l  i n  k i l l i n g  

Salmonella i n  l i q u i d  egg p r i o r  t o  f reez ing  o r  drying.  

Rad iosens i t i v i ty  i n  egg yolk increased i n  a nonl inear  fashion 

as i r r a d i a t i o n  temperature ihcreased from 32 t o  130 F. 

l e t h a l  effect  was g r e a t e s t  a t  i r r a d i a t i o n  temperatures above 

120 F. I n  whole egg, t he  most s i g n i f i c a n t  e f f e c t  of temperature 

The 

during i r r a d i a t i o n  occurred a t  110 F o r  g r e a t e r ,  t he  l e t h a l  

temperature range f o r  un i r r ad ia t ed  - S. typhimurium. The 

organism was more r e s i s t a n t  i n  egg yolk (pH 6.15-6.25) 

than i n  whole egg (pH 7.6-7.8). B a c t e r i a l  d e s t r u c t i o n  was 
" 

s i g n i f i c a n t l y  g r e a t e r  when r a d i a t i o n  (20,000-125,000 r a d s )  

and d simultaneously tha when they were 

e l y .  Theo es proposed t; 

a t  h igher  tempera a re  Q 



l eased  i n t o  c k e s e  C,:.JO stisperdiag rnedie 2i-m s;?ores i r z a d i a t e d  

t o  4.5 Nrad appeared  aoc t o  'be respons ib le  f o r  h c r e a s e d  

r e s i s t a n c e  such a s  W ~ S  manifested by "tzii" su rv ivo r s .  Further-  

more, dense populacions of spores i n a c t i v a t e d  by 4.5 Xrad d i d  

no t  o f f e r  any d e t e c t a b l e  degree of r a d i a t i o n  p ro tec t ion  t o  

v i a b l e  spo res  of - C.  botulinum 33A 



30. RGiDIATZQN SURVIVAL OF SPORES OF CLOSTRIDIUM BOTULINUM 

AT 0 C AMD -196 C IN TWO SUSPENDING MENSTRfa 

Grecz, N. 

Bac te r io log ica l  Proceedings,  p. 3 ,  1964 

The s u r v i v a l  of spores  of - C. botulinum 33A i r r a d i a t e d  

wi th  gamma rays i n  phosphate b u f f e r  (pH 7) and i n  pork-pea 

infus ion  b ro th  a t  doses ranging from 0 t o  3 Mrad i n  0.2 -Mrad 

i n t e r v a l s  i n d i c a t e d  an apprec iab le  degree of p ro tec t ion  of 

spores  by pork-pea b ro th  a g a i n s t  t h e  l e t h a l  e f f e c t  of r a d i a t i o n .  

The r ad iop ro tec t ion  a f forded  by pork-pea b ro th  was more 

pronounced when t h e  temperature during i r r a d i a t i o n  was c o n t r o l l e d  

a t  0 C than a t  -196 C ( t h e  temperature of l i q u i d  n i t r o g e n ) .  

temperature during i r r a d i a t i o n  (-196 C )  provided s i g n i f i -  

c a n t  p ro tec t ion  t o  spores  suspended i n  phosphate bu f fe r  but  

no t  t o  those i n  pork-pea broth.  I n  f a c t ,  L O 7  spores  ir- 

r a d i a t e d  i n  pork-pea b r o t h  y ie lded  i d e n t i c a l  s u r v i v a l  curves  

a t  0 and -196 C up t o  1 , 4  Mrad but  diverged somewhat a t  doses 

h igher  than 1.4 Mrad w i t h  somewhat h ighe r ’ su rv iva l  f i g u r e s  

a t  -196 Ce Hence, it could be concluded t h a t  pork-pea b ro th  

f f e r e d  more r a d i a t i o n  p r o t e c t i o n  t o  spores  of C.  botulinum - 
33A than d i d  t h e  ~ Q W  temperature (-196 C}. The f a c t  t h a t  no 

crease i n  r a d i a t i o n  r e s i s t a n c e  of spores  i n  pork-pea b r o t h  

achieved by lowering t h e  temperature from 0 t o  -196 C 



30, cont 'd  - 
( a t  doses less than 1 - 4  Msad) appeared t o  suggest  t h a t  spore 

i n a c t i v a t i o n  under these  cond i t ions  was predominantly o r  

exc lus ive ly  by d i r e c t - h i t  r a d i a t i o n  e f fec t ,  whereas a t  doses  

l a r g e r  than k e 4  Mrad t h e  i n d i r e c t  effect  seemed t o  ga in  some 

importance. On the o t h e r  hand, i n  phosphate b u f f e r  t h e r e  

was a s i g n i f i c a n t  amount of i n d i r e c t  r a d i a t i o n  e f f e c t  a t  both 

radiation temperatures ,  0 and -196 C. 



RADIATION RESICSTMCE AND BALANCED SYNTKIF;SIS OF 

MACROMOLECULES I N  ESCHERICHIA COLI 

Stap le ton ,  G. E. 

p .  40, 1964 

Several  r e p o r t s  have emphasized the  importance of "un- 

balanced" DNA syn thes i s  i n  r a d i o r e s i s t a n c e  of - -  E .  c o l i .  The 

emphasis on h igh  r a t i o s  of DNA/RNA o r  DNA/protein and enhanced 

r e s i s t a n c e  may desc r ibe  the  organism s tud ied  r a t h e r  than the 

phenomenon, since most of the  i n v e s t i g a t i o n s  have used a 

thymineless mutant o r  i t s  polyauxotrophic d e r i v a t i v e ,  It i s  

w e l l  s u b s t a n t i a t e d  t h a t  "excess" DNA per  c e l l ,  without  im-  

balance wi th  reference t o  o t h e r  macromolecular components, 

may r e s u l t  from growth o s e v e r a l  s t r a i n s  of E.  - -  c o l i  i n  

poorly buf fered  glucose-amino a c i d  media. This condi t ion  

a l s o  br ings  about r a d i o r e s i s t a n c e .  

k ine t ics  of development o f  r a d i o r e s i s t a n c e  i n  glucose- 

conta in ing  media i n d i c a t e s  t h a t  "excess" DNA probably results 

from d i s s o c i a t i o n  of t h e  ce l l  d i v i s i o n  process  and macro- 

I n v e s t i g a t i o n  of t he  

molecular s y n t h e s i s  by an abrupt  s h i f t  i n  t h e  pH of the  

medium. 
J 

The development of maximal r a d i o r e s i s t a n c e  follows 

by' s eve ra l  hours t h e  development of excess  macromolecular 

Components p e r  ce l l ,  Some mutant s t r a i n s  of t h i s  spec ie s  f a i l  

t o  develop resistance, but  do show t he  usua l  i nc rease  i n  DNA 

ns that show remarkable rad io-  
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r e s i s t a n c e ,  t h e r e  is a s t r o n g  dependence on p o s t i r r a d i a t i o n  

n u t r i t i o n a l  supplementation. 

leads  u s  t o  suggest  t h a t  "excess" DNA may be r equ i r ed  f o r  

Most of t h e  a v a i l a b l e  da t a  

enhanced r a d i o r e s i s t a n c e ,  bu t  i t s  a c t i v i t y  is  interdependent  

on o t h e r  c e l l u l a r  systems that can be phys io log ica l ly  and 

g e n e t i c a l l y  controlled. 



132. RADIATION STERILZZATIQN QF ORANGE JUICE 

Indian Journa l  - of , V. 2 ,  no. 1, pp. 24-26, 1964 

Spoilage organisms i n  orange j u i c e  a r e  s e n s i t i z e d  by 
4 

g a m a  i r r a d i a t i o n  t o  subsequent hea t  t eatment . .  The o b j e c t  

of t h i s  study was t o  de te rn ine  the  optinam r a d i a t i o n  dose 

and optimuna condi t ions  o r  thermal shock, Gama i r r a d i a t i o n  

doses ranging row I x 1.05 t o  7 x 105 rad or heat t reatment  

a lone were n o t  e f f e c t i v e  in s t e  ilizing j u i c e  w i t h  a microbia l  

count g r e a t e r  than 10 6 p e r  m l .  S t e r i l i z a t i o n  was obtained 

by 4 X lo5 rad  followed by 15 min incubat ion a t  50 CB 

of 8 X 105 ad was necessary t o  s t e r i l i z e  the  j u i c e  by 

A dose 

t a t i o n  a lone ,  Nei ther  oxygen, a i  Qr I l i t rOgen iKlfbUenC63d 
\ 

the survival. of i r r a d i a t e d  organisms, It is  l i k e l y  t h a t  

p r o t e c t i v e  agents  i n  orange juice prevented an oxygen e f f e c t ,  

The in f luence  of holding temperature fol lowing i r r a d i a t i o n  

v i v e l  of microorganisms is noted i n  the  following t a b 1  

at each t e ~ ~ ~ ~ a t ~ ~ @  f~lg 15 min and then Juice was mai 

la t e d  



Colonies per m l  

Radiation dos Incubation temperature 

L 95 40 

2 

3 

LO x 107 28 26 

29 20 

4 0 0 0 

In another  experiment, 10 7 Bac i l lu s  cereus  spbres and 107 

c e r e v i s i a e  ce l l s  were incorpora ted  i n t o  100 ml 

of j u i ceo  Tubes of ju ice  were i r r a d i a t e d  t o  2 X lo5 r a d ,  

then heated t o  55 C f o r  15, 30, and 45 min  and p la t ed .  The 

resul ts  i n  t h e  following t a b l e  show t h a t  i nc reas ing  the  

incuba t i o n  

oorganisms, 

a f t e r  

Incubat ion 
m i n  

15 

30 

45 

i r r a d i a t i o n  decreases  t he  numbe 

i X IO4 

Of 



133* SENSITIZATION OF FaICROOEANISMS TO W Z A T I Q N  BY 

PREVIOUS ULTRASONIC TmA 

D h r k a r ,  S.  De 

Journa l  s _ _  o f  Food Science, v e  2 9 ,  no, 5, pp. 641-643, 11964 

Micrococcus radiodurans m_l ( r a d i a t i o n - r e s i s t a n t )  and 

f a e c a l i s  ( r e l a t i v e l y  r a d i a t i o n - s e n s i t i v e )  were 

suspended i n  M/15 phosphate buffer, pM 7.0, at 5 X 107 ce l l s  

p e r  ml. Three-ma por t ions  were sea l ed  i n  ampoules and exposed 

t o  u l t r a s o n i c  waves in a General 'EHectr ic  u l t r a s o n i c  gene ra to r  

a t  300 kc. I n  order o separate l e t h a l  

s ,  experiments were performed wi th  l o w  t ransducer  power 

of 1 0 . w a t t s  which d i d  not  a f f e c t  v i a b i l i t y  i n  exposu 

up t o  60 min. 

exposed t o  CO-60 gamma r a d i a t i o n  a t  a dose r a t e  of l , 8  X 105 

The organisms were sonica ted  20 min  and 

r ad /h r .  Sonicated and nonsonicated i ce l l s  were 

p l a t e d ,  and percent  s u r v i v a l  vs  r a d i a t i o n  dose p l o t t e d .  - M. - 
radiodurans suspensions rece ived  1.8 - 1Qe8 X 10 5 rad  wh i l e  

- S.  faecal l ls  w a s  exposed t o  15 - 90 X lo3 rad.  The da ta  w a s  

The Do va lue  (90 percen t  ession analys is .  

mortal i ty)  f o r  - Pa. radiodurans decreases  from 5.8 X lo5 r a d  

- S. faecalfs  decreases  fr 

s c a l c u l a t e d  for 
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- M. radiodurans based on lo6 cells are 5.91 X lo6 rad  

6 r a d i a t i o n  a lone  and 3.01 X 10 rad f o r  t he  combination 

son ica t ion - rad ia t ion  t reatment ,  The marked effect: of u l t r a -  

son ic  t reatment  i n  enhancing the  adiat iow s e n s i t i v i t y  o 

microorganisms i n d i c a t  s its  value in r a d i a t i o n  s t e r i l i z a t i o n  



134, THE, EFFECT OF MEAT AND W I A T I O M  ON T X  V1AB1LZ"Y k t D  

PATHOGENICITY OF CLOSTRIDIUM TETANIC 

Shoesmith, J. G. 

- The J o u r n a l  - of General  Microbiologx, v. 35, no. 3,  

pp. v i -v i i j b ,  1964' 

Washed spores  OS a tox igen ic  s t r a i n  of Clostr idium 

t e t a n i  were hea ted  a t  80 C t o  i n a c t i v a t e  r e s i d u a l  t o x i n  

and vege ta t ive  ce l l s  and suspended i n  i s o t o n i c  b u f f e r ,  pH 

7.0. Spore v i a b i l i t y  a f t e r  d i f f e r e n t  per iods  of hea t ing  a t  

100 C was determined by colony counts  on an agar  m e d i u m ,  and 

pathogenic i ty  was determined by the  a b i l i t y  t o  cause t e t a n u s  

i n  mice. 

spores .  Heating was cont inued u n t i l  suspensions were s te r i le .  

Both v i a b i l i t y  and pa thogen ic i ty  were i n a c t i v a t e d  exponen t i a l ly ,  

bu t  no t  a t  t h e  same ra te .  The time (D va lue)  f o r  a t e n f o l d  

The mean LD5* dose was 3 X lo3 un t r ea t ed  v i a b l e  

decrease i n  v i a b l e  counts  w a s  15 mfn, bot 25 min was necessary 

f o r  a t en fo ld  r educ t ion  i n  pa thogenic i ty ,  

were a l so  t r e a t e d  w i t h  Go-60 gamma r a d i a t i o n  and examined 

i n  a simila way, A greater d i f f e r e n c e  w a s  observed between 

Spore suspensions 

i v a t b n  rates of  t h e  two p r o p e r t i e s  than was found 

2.6 x 105 rad a 

y was  6.0 x 10 5 ra  e The a b i l i t y  

of - C. t e t a n i  s ores t o  syn thes i ze  toxin i n  vivo is  more 
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resistant to heat and radiation thaw the ability to f o m  

colonies  e 

I' 



135. NEW ASPECTS OF THE OXYGEN C O N C E N W T I Q N  EFFECT I N  

X-RAY INACTIVATION OF BACTERUL SUSPEMSIQHS 

Hollaender,  A. ,  S t ap le ton ,  G. E. 

3 12,  Pe 7% 3-953 

The effect  of oxygen in i nc reas ing  t h e  X-ray s e n s i t i v i t y  

of b a c t e r i a l  suspensions is pronounced a t  concent ra t ions  

between l and 8 percent ,  Radical  formation by X-rays i n  t he  

aqueous m e d i a  f a i l s  t o  expla in  why the e n t i r e  oxygen effect  

t akes  p lace  wi th in  such narrow range of oxygen concentrat ion,  

Previous experiments suggested t h a t  t he  i n a c t i v a t i o n  eo- 

e f f i c i e n t  f o r  X- i r rad ia ted  b a c t e r i a  was dependent on the c e l  

concent ra t ion  in t he  suspension, The effect  of b a c t e r i a l  

c e l l  concent ra t ion  a var ious  oxygen concen rations has been 

r e i n v e s t i g a t e d ,  A concent ra t ion  effect  was observed only i n  

those suspensions i n  equi l ibr ium ith a i r ,  Removal of small  

amount: of oxygen from suspensions in. equi l ibr ium wi th  a i r  

would r e s u l t  i n  large changes i n  t h e  i n a c t i v a t i o n  c o e f f i c i e n t ,  

a t  t h e  prev ious ly  suggested b a c t e r i a l  concen t r a t io  

effect may r e s u l t  from removal of oxygen from t h e  suspensions 

by the b a c t e r i a ,  

were used seem t o  

Experiments in which r e s p i r a t o  

a 



136. EFFECT OF MENADIOL DIPHOSPHATE (SYNKAVITE) ON THE 

SENSITIVITY OF 1. _I_ COLI AT14 - S. CEREVISIAE TO X-RAYS 
Kohn, H. I., Gunter ,  S. E. 

Radiat ion Research, v e  2 ,  pp. 351-353, 1955 

The a b i l i t y  of low concen t r a t ions  of menadiol 

diphosphate (MDP) t o  i n c r e a s e  t h e  effect  of X-rays on micro- 

organisms was i n v e s t i g a t e d  i n  view of the  no tab le  effects  of 

t h i s  compound on i r r a d i a t e d  t i s s u e  c u l t u r e s .  MDP samples 

from s e v e r a l  sources were used a t  concen t r a t ions  ranging 

from 10-3 t o  M and were n o t  t o x i c  t o  t h e  ce l l s  du r ing  

s e v e r a l  hours  of incubat ion  a t  25 C, X-rays genera ted  a t  

250 kv were app l i ed  a t  a dose r a t e  of 200 t o  400.r /mine IWP 

was without ef fec t  a t  the LD50 dose (ca 2000 r) for bo th  

organisms. A t  10,000 r approximately 5 pe rcen t  of t h e  

lo4 - l o  6 cells/ml survi&d.  MDP d i d  no t  affect  t h e  y e a s t ,  

b u t  a sma l l  i n c r e a s e  in - _ P _  E. c o l i  l e t  

MDP but  not. a t  lom3 M e  

l i t y  was noted a t  10-5 M 



137* MODIFICATIONS OF X-RAY EFFECTS FOLLOWING TEE ADMINJT,STRAT%QN 

OF SOME AMINE cos.IPoums 

Ba ld in i ,  G., F e r r i ,  Le 

- e F i s i c a  v e  11, 

pp* 125-145, 1955 

Cysteamine (B-mercaptoethylamine) a t  50-200 gamnaa/mI. 

i n h i b i t e d  t h e  growth of __8___ Escherichia  ___s c o l i  and 

X-ray i r rad ia txd  E. c o l i  were n o t  protected i n  t h e  presence 

of cysteamine. Pantothenic  ac id  enhanced t h e  r addopro tec t iv  

a c t i o n  o f  cysteamine i n  r a t s ,  
) 



138. FACTORS IXFLUENCZNG TKE PROTECTIVE ACTXON OF CYSTEINE 

AGAINST X-RAYS 

GUnteK, S. E., Mob, M. 

9 PIP. 53-54, a959 

The i n f l u e n c e  of drug concen t r a t ion ,  pH, temperature ,  

and r e a c t i o n  time on the a b i l i t y  of 1-cys te ine  t o  p r o t e c t  

a g a i n s t  t h e  l e t h a l  a c t i o n  of X-rays was s t u d i e d  w i t h  

Escher ich ia  ___1 c o l i .  

s a l t  s o l u t i o n  was exposed t o  250 kv X-rays and/or I - cys t e ine  

A d i l u t e  suspension of cel ls  i n  buf fered  

under va r ious  cond i t ions .  The effect  on v i a b i l i t y  w a s  d e t e r -  

mined by macrocolony counts .  The p rocess  by which 1-cys te ine  

p r o t e c t s  ce l l s  appears  t o  occur  i n  a t  l e a s t  two s t a g e s ,  ( a )  

a n  i n i t i a l  pe r iod  during which the drug eacts with  the cell 

and i t s  environment and (b )  t h e  a c t u a l  i r r a d i a t i o n  per iod ,  

t h e  even t s  OS which are modified t h e  presence of t h e  drug e 

Development of a r e s i s t a n t  s t a t e  dur ing  t h e  r e a c t i o n  pe r iod  

is  s t r o n g l y  i n h i b i t e d  by l o w  temperature b u t  once t h i s  s ta te  

has developed a t  h ighe r  temperatures  c h i l l i n g  does no t  change 

the s u r v i v a l ,  Thes two stages may ove r l ap  when t h e  i n t e r v a l  

between 1 -cys t e ine  a d d i t i o n  and i r r a d i a t i o n  i s  r e l a t i v e l y  

short ,  

c r e a s e  i n  s u r v i v a l  which immediately level 

e r a t u r e s  below 37 6 slowly i n c r e a s e s  w i t h  t h e .  

Addit ion of 1-cys te ine  t o  cel ls  causes a r a p i d  i n -  

off and a t  temp- 

A t  any conce 



138e Cont'd 

t r a t i o n ,  t h e  i n i t i a l  level. and the n a t u r e  o f  t h e  subsequene 

rise a r e  a func t ion  of temperature  and pH. The maximum 

p r ~ t e ~ t i ~ ~  a t t a i n a b l e  under any given s e t  of cond i t ions  i s  

determined by 1-cys te ine  concen t r a t ion  and i s  g r e a t e s t  a t  

0.1 and Leo M e  The p r o t e c t i o n . r a t i o ,  (D37 w i t h  l - c y s t e i n e ) /  

(D37 without  1 - c y s t e i n e ) ,  under o p t h u m  condi t ions  va r i ed  

from 4,2 t o  6 * 0  i n  c o n t r a s t  t o  v a l u e s  of 3.0 reported f o r  

anoxia 
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of de0 bonucleic ackd (DNA sand WA) in this 

e Such cells synthesized 

e l ~ ~ i ~ e l y  large amounts in the 

e absence of both chloacarn- 

cells synthesized and accumulated 
e 

h p i n e l e s s  death. 

i l a r  cells g 

e increase in survivors 

among chlo to be correlated 



kough these was a n e t  in- 

adiosensitivity 0 

There appeared t~ be no 

Ben these changes i radiosensitivity and 

8 .  



CT 

466-478 3.960 

sownei and 

d gas conditions 

in for X-ray doses up to 

Ftric oxide (5 per- 

cent in ni v a l  06 the bacte 

at B and 15 6, but only 70 pe cent survived exgosll 

to the gas at 30 C. Ni de was found to be equival 

sonwei * Radios y was doubled 
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Argonene MationaL Laboratory has 

p at about: 20 kr/min) 

ifferewt gases and b r a d i a t i o n  treatment with 

contain may con ta i  some free 

e referred to 



i e ~ s  an t n a c t i v a t i o n  cons t an t  of 0,020 kr-1 

or air-dry spores  s i m i l a r l y  t r ea t ed ,  

ores postrirra a t i o n  treatment with n i t r i c  oxide 

v e n t s  the developmenst 0 the damage as i t  

damage) whereas post- 

en% does notp in con t ra s t  to air- 

atdon i n  nitrogen the 

ty is the same as t ha t  of ai ores but in 

hich th ora t ion  has no t  been ~bserved, 



42 e CT OF P M T m  NITRIC OXIDE 

U V E L  OF s BUNDS %N B A C E R I A  

e 1247-1249, a962 

radiation, E riments were ge fomed to determine 

sonnei  
___p_. 

oteetiow a 

ig: oxide is due to depletion 0 

llular suBfhy ryk compounds. Cell suspensions 

a t e d  at 250 and 15 ma w i t h  a 

dose-rate o about 3,000 rad mine Anoxia was obtained 

nitrogen through the 

0 6 U F e  to 1 nitric oxide alone f o  

up to 90 m cent loss in viability in 

cells g t agar. Th data in ehe following table 

8 vor curves and demonstrates that 



Frac t ion  
Pre-  treemew S u r v i v i n g  
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HATION RESISTANCE OF ENZ S IN SPORULATING 

BACILLUS SUBTILZS 

The marked r a d i a t i o n  r e s i s t a n c e  of b a c t e r i a l  spores  may 

be r e l a t e d  t o  changes i n  r a d i a t i o n  r e s i s t a n c e  of c e r t a i n  

enzymes during sporogenesis .  Vegetative c e l l s  of c B. s u b t i l i s  

(ATCC 6633) ves ted  from a chemically def ined medium 

a f t e r  17 h r ,  washed, resuspended i n  Oo02M K2HPQ4, and 

incubated, Within t h e  f irst  8 h r  of endotrophic spo ru la t ion ,  

70 percent  06 the  c e l l  population sporu la t ed ,  Ouring t h i s  

per iod ,  r e s i s t a n c e  tojX-rays (250 Kvp) of t h e  spo ru la t ing  

c u l t u r e  developed 2-3 h r  before  heat  r e s i s t a n c e .  The 

r a d i a t i o n  r e s i s t a n c e  of succ in i c  and malic  dehydrogenases, 

glutamic-pyruvic (GPT) and glutamic-oxalacet ic  (GOT) t r a n s -  

aminases were determined, A t  0 ,  4 ,  8 and 12 h r ,  enzyme assays  

QII i r r a d i a t e d  and non- i r rad ia ted  c e l l - f r e e  

e x t r a c t s ,  prepared by son ica t ion  and d i f f e r e n t i a l  cen t r i fuga -  

t i o n  to sepa ra t e  t h e  e x t r a c t  from the  i n t a c t  spores .  Spore - 
ity. However i n  

r 

dehydrogenase , 
W 
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t these  times sporu la t ion  was neg l ig ib l e .  Between 

4 and 8 h r ,  t he  maximum r a t e  of spo ru la t ion  occurred a t  which 

time ea 10 percent  dec ease  i n  dehydrogenases and ca 60 per-  

c e n t  i n  transaminases were obs-erved. A t  260 krads c e l l - f r e e  

e x t r a c t s  from the  above s t a g e s  of spo ru la t ion  ind ica ted  

e s s e n t i a l l y  no inc rease  i n  r a d i a t i o n  r e s i s t a n c e  of the  enzymes 

s tud ied .  Be  een 0 and 12 h r ,  t he  percentage enzyme i n a c t i -  

v a t i o n  by r a d i a t i o n  (260 krads)  increased  gradual ly .  The 

transaminases ind ica t ed  g 

t h e  dehydrogenases. 

r a d i a t i o n  s e n s i t i v i t y  than 

r 
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b 

and a sensitive r e c i p i e n t  

n s i t i v e  as t he  

e s i s t a n t  a s  the  

e d i a t e  r e s i s t a n c e ,  

t more than one d i s t i n c t  

c l a s s  may be group. The d i f f e r e n c e  

ent s t r a i n s  may be a sc r ibed  in radiat ion 

n e s ,  some of which seem t o  be loca ted  on t h e  

b a c t e r i a l  C~~QIBQSOXLE betwe La the genes co t r o l l i n g  h i s t i d i n e  

s u l t s  farm X-ray 

and u l t r a v  t many of t he  

t o  both k inds  

of e 



45. THE INFLUENCE 

OF ESCHERICHIA ___p COLI D ED BY NQL, X-MYS IO- 

T I C  AGENTS 

Har r i s ,  N. D., 

0 

Abst rac ts  of Pape s, 41st General ee t ing ,  The Society 

obis logy,  Be l f a s t ,  September 17-19, 1964 

Three s t r a i n s  o Escherichia - c o l i  were damaged by t r e a t -  

ment  wi th  phenol, X-rays and the  adio-mimetic drugs dimethyl 

Myleran and. chlorambucil. They were ‘then exposed f o r  24 h r  . 
t o  temperatures in t he  range 8-37 C before t h e i r  v i a b i l i t y  

was f i n a l l y  t e s t e d  by incubation at 37 C. A11 the  s t r a i n s  

showed s i m i l a r  pa t t e rns  of responses. The exposure tempera- 

e r e s u l t i n g  i n  t he  b e s t  v i a b i l i t y  was 15 C €or - i r r ad ia t ed  

organisms and 30 C a f t e  phenol treatment.  Change-of temper- 

a t u r e  had l i t t l e  effect  on counts from suspensions t r ea t ed  

wi th  radio-mimetic drugs.  Incubation of X-irradiated - -  E. c o l i  

B/K on media eo t o  5 yg/rnl of chloramphenicol 

counts ,  It is concluded that the  bene f i c i a l  

effects of ~ ~ ~ e ~ a t ~ K ~ g  below 37 C were not  due 



616* STUDIES ON THE ATZON RESPONSE OF SPQRES OF 

CLOSTRIDIUM ROSEUP% 

Wooley, Be C. C o l l i e  R u  E., Clark ,  J. B e  

9 P O  369 1964 

This  i n v e s t i g a t i o n  was designed t o  s tudy the  r a d i a t i o n  

response of - C o  roseum during the  processes  of spo ru la t ion  and 

g e m i n a t i o n .  1 t a s  determined t h a t  t h e  inc rease  i n  r e s i s t -  

ance t o  both  u l t r a v i o l e t  and X- i r r ad ia t ion  occurred before  

t h e  spores  e h i b i t e d  the rmos tab i l i t y .  This r e s i s t a n c e  was 

found t o  occur almost simultaneously wi th  t h e  accumulation of 

calcium and the  b iosynthes is  of DPA. Experimental  evidence 

shows t h a t  a - r a d i a t i o n  dose of 1.5 mega-roentgens does not  

i n h i b i t  g e m i n a t i o n  a s  measured by the  loss  of o p t i c a l  d e n s i t y ,  

l o s s  of DPA, and t h e  inc rease  i n  s t a i n a b i l i t y .  However, a 

dose o f  only 350 kilo-roentgens w i l l  prevent  t h e  outgrowth 

of about 90 percent  of t h e  i r r a d i a t e d  spores .  

t h a t  ,he molecular  changes respons ib le  f o r  r a d i a t i o n  resist- 

It appears 

ogenesis  and that t h e  germination 

capac i ty  is more hig ly pro tec t ed  than t e capac i ty  of the 



NTAL FACTORS AFFECTING PHOTOPROTECTION 

AGAINST X-RAY D E I N  STAPHYLOCOCCUS AUREUS 

Savages 11, R. D e ,  Clark,  J. B.  

Proceedings,  p.  3g9 1964 

It was repor ted  e a r l i e r  t h a t  Nocardia c o r a l l i n a  could 

be photoprotected a g a i n s t  - ray i n a c t i v a t i o n .  This observa- 

t i o n  has  s i n c e  been extended t o  include s e v e r a l ' o t h e r  organ- 

i s m s .  I n  a t tempts  t o  inc rease  the  amount of photopro tec t ion ,  

experiments were performed t o  determine the  e f fec t  of c e r t a i n  

environmental  f a c t o r s  OR t h i s  phenomenon, Variables  s t u d i e d  

included incubat ion temperature,  c e l l  agep  and c u l t u r e  medium 

used t o  grow the  organisms. Ab1 of these  va r i ab le s  were 

shown t o  a i 3 e c t  t he  amount of photoprotect ion which could be 

obtained.  The t e s t  organism, - S. aureus ,  was photoprotectable  

i f  incubated a t  37 C bu t  not  i f  incubated a t  29 C .  Maximal 

rotect-lon a t  37 C was obtained w i t h  cells i n  t he  

l o g a r i t h i c - g r o w t h  phase. Cul tures  of the  t es t  organism 

grown on b r a i n  heart i n fus ion  aga r  showed a h igher  degree of 

photopro tec t ion  than c u l t u r e s  grown OII n u t r i e n t  agar .  

maximum of 44 percent  p r o t e c t i o n  was found when t h e  organism 

A 

a i n  heart i n fus ion  

resul ts  obtained i n d i c a t e  

is important i n  

degree a€ can be d e ~ o ~ s t ~ a t e d .  



148@ EFECT OF ULTRAVIQUT RADIATION QN MICROORGANISMS AS 

A PRICNCIPAL ENTmKAL FACTQR OF SPACE EWIRONKENT 

Federova, R. I. 

I n  " L i f e  Science and Space Research',', v. 11, A Session 

of the  Fourth I n t e r n a t i o n a l  Space Science Symposium, 

Warsaw, J u n e  3-12, 1963$ pp. 305-310, 

North-Holland Publ ishing Company, Amsterdam, 1964 

The u l t r a v i o l e t  r e s i s t a n c e  of microorganisms i s  considered i n  

connection w i t h  t h e  p r o t e c t i o n  aga ins t  germicidal  s o l a r  u l t r a v i o l e t  

r a d i a t i o n  which might be a f forded  by cosmic d u s t .  The p o s s i b i l i t y  

of i n c i d e n t a l  t r a n s p o r t a t i o n  of l i v i n g  microorganisms fro= one 

p l a n e t  t o  another  i s  of increas ing  importance i n  view of the  r ecen t  

dec is ion  t o  s t e r i l i z e  t h e  su r faces  OS space s h i p s .  

Temperatures c l o s e  t o  absolu te  zero a r e  no t  germic ida l ,  and 

some spec ie s  surv ive  i n  a vacuum of about 10"" mm Hg f o r  a long 

t i m e .  The o u t e r  space vacuum of m Hg may a l s o  not  be 

l e t h a l .  The r e s i s t a n c e  of spores  a g a i n s t  pene t r a t ing  r a d i a t i o n  

i s  so high t h a t  cosmic r a d i a t  s no t  considered a s t e r i l i z i n g  

f a c t o r .  U l t r a v i o l e t  r a d i a t i o  is considered t h e  main obs t ac l e  i n  

p re se rva t ion  of v i a b i l i t y .  

e amount of energy r e q u i  ed for 80-100 percent  l e t h a l i t y  

v a r i e s  from 23 o 440,000 erg/crn2. Spores of b a c t e r i a  and fungi  

a r e  10-40 t tive forms. Micro- 

QrgmfSmS sue produce dark colored  
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3 

I n a c t i v a t i o n  of 99 percent  of the' 

spores a r e  most  r e s i s t a n t ,  bu t  no organisms withstand about 2 X 10 

erg/cm*/sec longer  than 3-4 m i n e  

microorganisms i n  a c losed  

Low temperatures reduce the  germic ida l  p r o p e r t i e s  of W. Exposure 

t o  v i s i b l e  l i g h t  p r i o r  t o  W i n c r e a s e s  r e s i s t a n c e  t o  W e  

oom w i l l  r e q u i r e  1.5.1.5 X 10 6 erg/cm2. 

unprotected r e s i s t a n t  spore would be k i l l e d  enroute  from 

Ear th  t o  Mars, bu t  a s Q T ~  coated w i t h  dead ce l l s  o r  w i th in  a 

speck of d u s t  w i l l  be somewhat p ro tec t ed  because of the  low 

penet ra t ion  of W e  There a r e  i n d i c a t i o n s  t h a t  W i s  more e f f e c t i v e  

i n  destroying organisms on smooth su r faces  and i n  c lean  a i r  f a s t e r  

than on rough su r faces  and i n  dusty a i r .  Preliminary experiments 

suggest t h a t  d u s t  p a r t i c l e s  ca r ry ing  spores  i n  them can p a r t i a l l y  

p r o t e c t  t he  spores frm w* 

c 



149, "€E INFLUENCE OF E OF SILVER TO U-V RADIATION ON 

ITS QLIGODYN IC ACTION ON B A C E R I A  

733-7429 1938 

kbemica9. Abstracts, v. 34, p .  ~ 9 6 5 ~ )  

The oligodynamic s c c i  0111 bacteria was 

ultraviolet. 

r 



50. ZMACTIVATIOM OF HOLDS BY GERMICIDAL 

ULTRBVICQUT ENERGY 

Taylor ,  owles, T., Leppelmeier, E. T. 

Journa l  -_e_ of the  Frankl in  I n s t i t u t e ,  v. 248, no. 4 ,  pp. 311-325, 

1949 ' 

Doses of germicidal u l t r a v i o l e t  energy requi red  t o  i n -  

a c t i v a t e  50 and 90 percent  of var ious microorganisms suspended 

i n  a i r  and on the  su r face  of c u l t u r e  medium were determined. 

Organisms i n  nebulized. s a l i v a  a r e  e a s i l y  i n a c t i v a t e d ,  b u t  

, organisms i n  dus t  a r e  s e v e r a l  hundred times more r e s i s t a n t ,  

Escherichia  - c o l i  and s a l i v a  organisms d i sp lay  increased  re- 

s i s t a n c e  t o  UV with  inc reas ing  humidity. Mixed a i rbo rne  

organisms samp 1 ed oultry house appeared less r e s i s t a n t  

at high humidit$es. Resis tance of a i rbo rne  mold spores  appears 

t o  be unaffected by wide v a r i a t i o n s  i n  atmospheric humidity.  

Resis tance t o  W inc reases  i n  t he  order  b a c t e r i a ,  y e a s t  ce l l s ,  

and mold spores .  spores  a r e  p a r t i c u l a r l y  

r e s i s t a n t ,  r e ~ u i r ~ n g  1800 and 9000 microwatts/sq cm-min  f o r  

50 and 90 percent  i n a c t i v a t i o n  in a i r ,  and 1300 and 3000 

a t t s / s g  e m - m i n  for t h e  same degrees of i n a c t i v a t i o n  

when i r r a d i a t e d  on t e su r face  Q U K ~  medium. The 

times r e q u i r  be r s  of a i rbo rne  Penic i l l ium 

lamp u n i t s  a t  



seve ra l  p o s i t i o n s  i n  a room (ca 17 x 15 

determined a t  s eve ra l  r e l a t i v e  humidity and a i r  c i r c u l a t i o n  

condi t ions.  Spores were inac t iva t ed  a t  t he  h ighes t  r a t e s  

when a fan  was used t o  increase  a i r  c i r c u l a t i o n .  Unlouvered 

lamps i r r a d i a t i n g  the  upper a i r  in the  room produced s l i g h t l y  

1% f t )  were 

better r e s u l t s  than bare  30 w lamps i n  t he  c e n t e r  of the room. 

While 2 h r  o r  more were required f o r  disappearance (pr imar i ly  

by s e t t l i n g  o u t )  of 90 percent  of t h e  spores  without  U V ,  t he  

4 

time was reduced t o  10 - 26 min  w i th  germicidal  lamps. 

E l e c t r o s t a t i c  charge es t o  the  l inoleum f l o o r  of the  

room. Attem ts t o  i ake  such spores a i rbo rne  were u n s u c c e s s f u l .  



X-ray i r r a d i a t i o n  

d i a  .___ coraklina rovides  an 

sf the effects of X-ray 

-ray i r r a d i a t i o n  

- alllbina coccoids r e s u l t e d  in a s i g n i f i c a n t  increase 

successive on showed a close parallel with the  

e coralI.ina C Q C C O ~ ~ S  a l s o  p oduced a sign- - 
i f i s a n t  inc ty. The X-ray dose-survivor 

response afte following each successive ultra- 

violet i r r a  frm successively X-ray 

-ray s ~ ~ ~ ~ v a ~  curves in each cas 

rradiation 

sigmoidal. 

ect and in- 

e c t  of both 



nge of hereditary material. 

m s i t d v i t y  was 

wpadred de 
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agents that mad% ects of 

radiations, some insight i nism .of radiobiologisal 

reactions b s  been gained. ater has been used extensively 

as such an agent, and s been demonstrat d t ha t  organisms 

erent water co~tent respond diff rently to irradiations 

conidia, MV- 

the organism. 

about five times 

as many colonial  mutants as conidia uv-irradiated in a water 

H a s i s w e  Coni erent relative 

humidities f ~ r  48 tar s sensitivity 

a t  or below 15 pe llative ~ ~ ~ ~ i t y  (RH). The s e n s i t i -  

v i t y  was measured as 

reverse mu. rences in sensiti- 

v i t y  w e ~ e  Q b s ~ ~ v e ~  amo 

100~50, and 35 ~ e ~ c ~ ~ t  RH, ~ O K  among those kept a t  153, and 

0 percent RH; but a een the two groups 

survival and 

. *  

,. ' 
1 ,  
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ed an ableo egree of resis tanc 

RH levels. 
/- 

- _ _ m _  E. coli p b g  T3, uv-selasi tly ~ r o ~ o ~ t ~ o l e a l  

he degree 0 i o n  sbse a$ variance wfch 

th 

0 
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Elkind,  M. M . ,  S u t t o  

Science,  v. 128, pp. 1082-1083, 1958 

X-ray, u l t r a v i o l e t  and v i s i b l e  l i g h t  were app l i ed  i n  

d i f f e r e n t  combinations t o  d iv id ing  nonrespir ing haploid 

c e r e v i s i a e  s t r a i n  SC-7  ce l l s  i n  a s tudy of t he  

na ture  of t h e  si tes s e n s i t i v e  t o  l e t h a l  i r r a d i a t i o n .  X-ray 

(55 kv peak) were app l i ed  a t  30.2 krad/min t o  achieve doses 

of 0 - 285 krad. 

2 1  erg/mm2 sec) f o r  0 - 140 see'. 

decreased t h e  l e t h a l  a c t i o n  of X-rays on the  d iv id ing  y e a s t  

Cells were exposed t o  u l t r a v i o l e t  ( f l u x ,  

Smal l  u l t r a v i o l e t  exposures 

cel ls  whethe 

There i s  q u a n t i t a t i v e  agreement between the  p ro tec t ion  and 

r e a c t i v a t i o n  a f forded  by pre- and pos t -  X-ray exposures t o  

W e  V i s i b l e  l i g h t  reverses  the  W pro tee t ion  of X-ray 

l e r h a l i t y  as w e l l  a s  W l e t h a l i t y .  The au thors  support  t h e  

the  W i s  appl ied  before  o r  a f t e r  X-ray exposure,  

t the sites of a c t i o n  of  let 

c h r ~ o ~ ~ a ~  deoxyribonukleic a c i d ,  



When r e s p i r a t i o n -  s u  f R) y e a s t  cel ls  are e 

t o  u l t r a v i o l e t  r a d i a t i o n  (1 percent  s u ~ v ~ ~ a 1 )  and p l a t e d  on 

glucose n u t r i e n t  agar, appro b a t e l y  40 percent  of  t h e  

surv ivors  so r e sg ipa t ion -de f i c i en t  ( a e r )  v a r i a n t s .  The 

s u r v i v a l  of cel ls  

OD. l a c t a t e  i s  equal  t o  o r  g r e a t e  than t h e  s u r v i v a l  on g lucose ,  

r a d i a t e d  suspension p l a t e d  

d e s p i t e  t h e  f a c t  t h a t  t h e  a e r  va i a n t s  a r i s i n g  on glucose 

f a i l  t o  grow on lactat 

observat ion t h a t  t h e  u l t r a v i o l e t  damage producing r e s p i r a t o r y  

t has been hypothesi2 d from t h i s  

de f i c i ency  is  reversed  by t h e  "fo ced" oxida t ivk  metabolism 

of i r r a d i a t e d  G l ls  p l a t e d  on l a c t a t  e A method bs descr ibed  

i t s  a direct test ~f this hypothesis :  r e s p i r a t i o n -  

d e f i c i e ~ ~  va s ~ ~ ~ t e ~  Q L ~  lactate  aga r  remain v i a b l e  and 

can be ~ e c o v @ ~ e ~  (wLt 90 percent  e f f i c i e n c y )  by p l ac ing  a 

d g glucose on t 

e n  of' aer varia 

cells on l a  was fou be 

s t a t i s t i c a l l y  equ iva len t  aer v a r i a n t s  
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among i r r a d i a t e d  se l l s  p l a t e d  OD glucose,  No d i f f e r e n c e  i n  

t h e  s u r v i v a l  of i r r a d i a t e d  ae cel ls  p l a t e d  on glucose and 

on l a c t a t e  was noted using the  f i l t e r  pager technique, Hence 

t h e  forced ox ida t ive  metabolism imposed on i r r a d i a t e d  se l l s  

p l a t e d  on l a c t a t e  does not  d e t e s t a b l y  reve se the  a e r  mutat- 

i o n a l  damage but  enhances r a t h e r  the s u r v i v a l  of t h e  p a r e n t a l  

AER se l l s  over that  obs i ~ ~ e d  on glucose, The na tu re  of t h e  

u l t r a v i o l e t  damage producing r e s p i r a t o r y  de f i c i ency  i s  d i s -  

cussed i n  t 

and g e n e t i c  studi 

i s  finding. and pho to reac t iva t ion  



C R O ~ O L E C U ~  SYN 

FROM UL IO IGHT 

Doudney, C, Q o  

c 
8 p*  54, 1959 

Numerous i n v e s t i g a t o  s have observed t h a t  W induces a 

l a g  i n  DNA sy kaesis i n  Escherichia  s___ c o l i .  The Length of the  

Lag i s  r e l a t e  i n v e s t i g a t i o n  o the  mercabolic 

b a s i s  of t h i s  l a g  has been ca r i e d  out  u t i l i z i n g  var ious 

i n h i b i t o r s  of WA, D A o r  p r o t e i n  syn thes i s  and also auxo- 

t r o p i c  s t r a i n s  r equ i r ing  u r a c i l ,  thymine o r  c e r t a i n  amino 

a c i d s .  These s t u d i e s  demonstrate t h a t  p r i o r  RNA and p r o t e i n  

syn thes i s  a r e  requi red  o r  ~ ~ C Q V E X ~  of the r a d i a t i o n  damaged 

DNA s y n t h e t i c  sy tern, Blocking W r o t e i n  synthesis 

during the r a d i a t i o n  induced l a g  p 

of DNA syn thes i s ,  

o r  p r o t e i n  block i s  reversed  and t 

revents resumption 

Synthes is  does n o t  resume u n t i l  t he  RNA 

goes through a 

subsequent lag in DN syn thes i s  during which RNA and p r o t e i n  

synthesis  take place .  The- addf %on of var ious  agents which 

block RNA o r  protein synthes is  to - -  E.  cd f  strain 8 cultures 
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incubat ion  following exposure 

i s  requisite t o  b a c t e r i a l  recovery bu t  is de t r imen ta l  t o  re- 

covery subsequently.  R ~ C O V ~ K ~  ap e n t l y  r e q u i r e s  (1) 

synthesis of M A  and p r o t e i n  ia reparation of t h e  DNA 

sjaaithetic: system and (2 )  t h e  p eVeXltiQQ O f  inaCt&VatiOn 

through unbalanced cytoplasmic g du r ing  the subsequent 

t i o n  0 synthesis. 



156 PHOTOREACTIVATION OF ua, 

ENTAMOEBA HISTOLYTICA 

e ,  Peacock, 

Although L, numerous s t u d i e s  on he photoreac t iva t ion  of 

u l t r a v i o l e t  i r r a d i a t e d  bacteria have been conducted, l i t t l e  

information i s  a v a i l a b l e  regarding t h i s  kaenODE?K30Kl i n  

no such s t u d i e s  have been done 

e Cultures  of this protozoan p a r a s i t e  

t e r i a l  f l o r a  &n an egg s l a w t - l i v e r  

e x t r a c t  over lay  medim were ooled,  washed t h r e e  times in 

Ringer s o l u t i o n ,  and made up t o  a s tandard  suspension con- 

a t e l y  50,000 amoebae/ml, 

SUSpenSfOn W e K  i r r a d i a t e d  wi th  u l t r a v i o l e t  l i g h t  f o r  vary- 

ing per iods  t h e  a t  a distanc  of 15 CHI. A ter the  per iod 

of iaeradiat on, t h e  amoebae were t r ~ n s ~ e ~ ~ ~ ~  t o  egg s b a n t -  

i a  and incubated a t  37 C fo 48-72 hr. h0ebi .c  

counts were pe ed i n  a ~ ~ a c y t ~ @ ~ ~ ~  a f t e r  t h e  incubat ion 

per iod ,  I ~ ~ a ~ ~ a ~ i o ~  for 15 to 17 min i n a c t i v a t e d  t h e  amoebae, 

i.e. , f a i l e d  t o  g ora subculture, The in -  

a c t i v a t e d  am0 

45, 60, and 9 

h a  mi. v i  
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157. PHOTOPROTECTZOM FROM ULTXAVHQ 

IN ESCHERICMIA - COLI B 

Jagga r ,  J. 

Radiat ion Research, v. 13, pp. 521-539, 1960 

@ 

Escherichia  c o l i  _s_ B cel ls  suspended i n  phosphate b u f f e r  

were exposed to l i g h t  of 3100 t o  6000 A p r i o r  t o  exposure t o  

2537 A ultraviolet l i g h t .  Photoprotectdon i s  a p a r t i c u l a r l y  

s t r i k i n g  effect  when the  c e l l s  a r e  pla ted  on n u t r i e n t  aga r  

conta in ing  sodium chloride, The dose o f  photopro tec t ing  

l i g h t  t h a t  gives optimal  photoprotection a l s o  kills about 

20 percent  of the c o n t r o l  cel ls .  Photoprotec%isn is  important 

only a t  low doses o W while phoesreec t iva t ion  can presumably 



Webb, A ,  H., Clark, W e ,  Bai ley ,  H. 

91 P a  143, 1960 

U l t r a v i o l e t  l i g h t  d i n  h o s p i t a l s  as a 

p r a c t i c a l  means of 

cons idera t ion  i t s  t o t a l  e f f e c t s ,  inc luding  mutagenici ty ,  on 

microorganisms e The ossibflity e ists t ha t  such foms as 

i s in fec t ing  a i r  without  t ak ing  i n t o  

s taphylococci  which are seeded i n t o  the  a 

t h e r e  subjec ted  eo ul r a v i o l e t  i r r a d i a t i o n ,  r ece ive  not  le thal  

osphere and a r e  

but  mutagenic doses of u l t r a v i o l e t .  These a l t e r e d  foms then 

might have l o s t  o r  acquired c racteristbcs which might have 

made them more amenable o r  r e f r a c t o r y  t o  c o n t r o l .  S t r a i n s  of 
d 

ccus au reus  o r i g i n a l l y  i s o l a t e d  from pathologic  

l e s i o n s  were ca tegor ized  as to a b i l i t y  t o  produce hemolysis,  

coagulase,  p e n i c i l l i n a s e ,  production of pigment, a b i l i t y  t o  

ferment mannitol  and r e s i s t a n c e  icillira. These s tra ins  

were then s bjected t o  ult a v i o l e t  i r r a d i a t i o n  for varying 

per iods  of t 

c u l t u r e s  of s ~ ~ ~ i v o ~ ~  were p l a t e d  ~n t r y p t i c a s e  soy agar  and 

random colony is 

d p a t t e r n s  of survival  dere 

~~~~~l~ se'hec 

of mannitol ,  a 

t r o l l e d  by 
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coagulase,  and p e n i c i l l i n a s e  formation are suscep t ib l e  t o  

u l t r a v i o l e t ,  and organisms which have l o s t  a b i l i t y  t o  produce 

these f a c t o r s  are  considered t o  be mutants .  

experiments i n d i c a t e  t; t l a r g e  proporeions of  s taphylococc i  

w i l l  surv ive  u l t r a v i o l  i r r a d i a t i o n .  Further, i f  the  v a r i -  

ous markers studied are sonsideyed t o  be phenotypic express- 

ions  and a r e  gene t  c a l l y  c o n t r o l l e d ,  t he  genes which c o n t r o l  

These pre l iminary  

some f a c t o r s  are  r e l a t i v e l y  s t a b l e  t o  u l t r a v i o l e t ,  o t h e r s  a re  

i n s t a b l e .  Res is tance  EO p e n i c i l l i n  could no t  be correlated 

w i t h  product ion of penicillinase, a s  serains which had lost 

a b i l i t y  .to p ~ o d u c g  ere still r e s i s t a n t  t o  

~ ~ ~ i ~ ~ l ~ i A *  



159- ABSENCE OF AH O GEN EFFECT QN NUTATION AND KILLING 

INDUCED BY 2537 A ULTRAVIOLET LIGHT IN OBMIQSTQMA. 

Zettesberg G 

Hereditzas, v. 48, pp. 409-416, 1962 

(Abstracted in Chemical Abstracts, v. 58, p 1 1 7 2 3 ~ )  

Oxygen consentra ion did not influence mutagenic or 

killing acciow of ul awdolet light 

18 minutes duration a 



160 MUTATIONAL SYNERGISM OF ULTMVIQLET LIGXT 

CAFFEINE IN ESCHERICHIA - C O L I  

When cel ls  o - E ,  -- c o l i  a r e  exposed 

of u l t r a v i o l e t  l i g h t  a s i g n i f i c a n t  number o f  streptomycin 

r e s i s t a n t  mutants a r e  produced. I f  the  mutants a r e  allowed 

t o  develop i n  the  presence of c a f f e i n e  (500 gama/mb) a t en -  

f o l d  inc rease  i n  mutant numbers results.  

sented concerning va r ious  a s p e c t s  of t h i s  "mutation synergisra, ' I  

The effects o f  t h e  ca feine a r e  ~ ~ a c ~ i c ~ ~ l ~  completed during 

t h e  per iod o mutation s t a b i l i z a t i o n  and f ixae ion ,  I f  

o nonle tha l  amounts 

Da a w i l l  be pre-  

r m  E, c o l i  and added in conjunct ion 

wi th  the  c a f f e i n e ,  no eff  he phenomenon is  observed, 

Also the  a d d i t i o n  of noma1 pur ine  and p p ~ h i d i n e  bases  OF 

. t h e i r  r i b o s i d e s  i n  vary ing  concent ra t ions ,  o r  t he  a d d i t i o n  

of t h e  metabol ic  analogues a z a u r a c i l ,  a z a t h p i n e  o r  5-methyl 

tryptophan f a i l s  t o  a l t e r  t h e  b a s i c  effect of t h e  combined 

W and caf r e d i a  t i o n  t rea tments  

- -  

w i t h  e i t h e r  purmycirca 0% c l Q ~ a m ~ ~ e ~ i c o 1 ,  however, completely 

he d e v e l o p e  t of the ~ ~ t a ~ ~ o ~ S ~  The development o 

t h e  mutat ions is ed by a l k a l i n e  co Q ~ S  Temperature 

P important role in t h i s  ef ect ,  IS the mutat ions are 



develop a t  37 C or 42-C the regular  &en- old increase 

exerts an f n h i b i  cants  which 



161. TRANSFER OF ULTRAVIOLST (2537 ) RESISTMCE IN MATING 

STRAINS OF ESCHERICHIA COLI 

Copelasad, J. C., Adler, He '16. 

It is  shownithat a w - r e s i s t a n t  ~h (very high frequency) 

s t r a i n  of Escherichia  P c o l i  may pass the  genetic determinants  

of r e s i s t a n c e  t o  a s e n s i t i v e  r e c i p i e n t  during conjugation. 

The progeny produced from such a cross f o  t h r e e  c l a s s e s  

wi th  regard t o  r a d i a t i o n  s e n s i t i v i t y ;  one c l a s s  i s  l i k e  the  

s e n s i t i v e  r e c i p i e n t ;  t h e  second class is  l ike  t h e  r e s i s t a n t  

donor; t h e  t h i r d  c l a s s  i s  in te rmedia te  between the  donor and 

t h e  r e c i p i e n t .  The in te rmedia te  c l a s s  may be f u r t h e r  smb- 

divided. The resul ts  a r e  c o n s i s t a n t  w i th  the  hypothesis  that. 

more t h a n  one gene i s  respons ib le  f o r  the  d i f f e r e n c e  i n  

r a d i a t i o n  s e n s i t i v i t y  between the  p a r e n t a l  s t r a ins .  

is presented t o  show t h a t  some o f  the genes c o n t r o l l i n g  

Evidence 

r a d i a t i o n  s e n s i t i v i t y  axe locvated on t h e  l inkage  map between 

the genes c o n t r o l l ~ n ~  p r o l i n e  and histi h e  syn thes i s .  

results will be dLscussed in relation to o t h e r  s t r a i n s  of 

E. c o l i ,  

These 

I- 



162. THE INFLUENCE OF IRON OM PIG NTATIQN AW RESISTANCE TO 

ULTRAVIOLET IRRADIATION IN MICROCOCCUS VIOUGABRIELLAE 

Radioresis tance has been l inked  i n  some b a c t e r i a  w i t h  

t h e  possession of pigments, We have found t h a t  t he  non- 

pigmented bacterium I M. 

a v io l e t - r ed  pigment i n  t h e  presence of e cess i r o n ,  thus  

can be induced t o  form 

present ing  a unique s y s t a  f o r  t he  study of t h e  r ad iop ro tec t -  

erred by a pigment. Mutation and s e l e c t i o n  a r e  no t  

involved. 

of added i r o n ,  and of ae rob ic  OK anaerobic  incubat ion were 

s tud ied  a f t e r  cel ls  ere given a cons tan t  dose of u l t r a v i o l e t  

i r r a d i a t i o n .  Th i r ty  percent  of non-pigmented cel ls  survived 

t h e  i r r a d i a t i o n  compared wi th  70 percent  of t h e  pigmented 

cells. 

t o  i r r a d i a t i o n  allowed t h e  s u r v i v a l  of 65 percent  of non- 

The eff  c t  on s u r v i v a l  of the  presence of pigment, 

The presence of high l e v e l s  of added -iron subsequent 

igmented and 75 percent  of pigmented cells. I r r a d i a t i o n  of 

the media p r  or t o  p l a t i n g  had no effect on v i a b i l i t y .  Cells 

t ion  exh ib i t ed  a greate 

ee l la .  H o w ~ v e ~ ,  anaero 

a f t e r  i r r a d i  

Organic i r o n ,  e , g ,  hemoglobin, was also prote 
c 



on can no t  only p r o t e c t  aga ins t  W damage but 

may a l s o  pe 



l63@ CONCERNING THE SITE OF ULTRAYIOUT SENSITIYXTY 

I N  MICROCOCCUS YIOLAGABRIELLAE 

Payne, J.  I. ,  Campbell, J. N. 

Bac te r io log ica l  Proceedings,  p.  50, 1963 

Stud ies  w i t h  u l t r a v i o l e t  f i l t e r s  have e s t a b l i s h e d  t h a t  

i t  is. i r r a d i a t i o n  below wavelengths of 300 nyl which i s  l e t h a l  

t o  - M. v i o l a g a b r i e l l a e ,  probably through damage.to the  cyto-  

chrome system. The s i te  of W damage was also i n v e s t i g a t e d  

using var ious  i n h i b i t o r s .  Glutathione and o-creso l  had no 

effect  on t h e  s u s c e p t i b i l i t y  o r  recovery of non-pigmented 

ce l l s  t o  W damage. When present  i n  t he  pigment-producing 

m e d i u m ,  however, they both  i n h i b i t e d  pigmentation of t he  ce l l s  

and increased  the W s e n s i t i v i t y  up t o  100 percent  over t h e  

uninhib i ted  c o n t r o l s ,  i n d i c a t i n g  t h a t  t h e  s i te  of damage i s  

r e l a t e d  a t  l e a s t  t o  t h e  pigment synthes iz ing  mechanism. A l -  

though ineffective a s  an i n h i b i t o r  of pigmentation, a sco rb ic  

a c i d  d i d  i n c r e a s e  t h e  UV r e s i s t a n c e  of non-pigmented c e l l s ,  

poss ib ly  by p r o t e c t i n g  some oxida t ive- reduct ive  system. 

Cells grown anae rob ica l ly  were more W r e s i s t a n t  t h a n  aerobic-  

a l l y  grown c 11s. However, i f  n i t ra te ,  i.e. an a l t e r n a t i v e  

-acceptor ,  w e incorpora ted  into t medium, W s e n s i t i v i t y  

of anaerobica y grown cells wa restored. Fluor ide ,  a 

select ive  ~ ~ ~ i b ~ ~ o ~  of g l y c o l y s i s ,  had no i n h i b i t o r y  e f f e c t  
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on aerobic  growth bu t  d i d  i n h i b i t  75 percent  of anae rob ica l ly  

grown c e l l s ;  n i t r a t e  completely reversed  t h i s  i n h i b i t i o n .  

I n  the  presence of a s u i t a b l e  H-acceptor, oxygen o r  n i t r a t e ,  

t h e  organism i s  q u a n t i t a t i v e l y  more dependent upon a path-  

way o t h e r  than g l y c o l y s i s .  Presumably i t  i s  a cyt.ochrome- 

l inked  e l e c t r o n  t r a n s  er  system w i t h  oxygen o r  n i t r a t e  a s  

t h e  terminal. accep to r  and i t  i s  t h i s  pathway which i s  UV 

s e n s i t i v e .  



1 6 4 , A  NOVEL, OXYGEN-DEPENDENT PHOTOREACTIVATION OF 

ULTRAVIOLET-IRRADIATED BACILLUS SUBTILIS 

Kelner, A .  

Bac te r io log ica l  Proceedings,  p .  39, 1964 

In t he  transformable B.  s u b t i l i s  168, those cel ls  a c t u a l l y  

a b l e  t o  undergo DNA-mediated gene t i c  t ransformation a r e  no t  

photoreact ivable .  To ta l  v i ab le  c e l l s  of a competent prepara t ion  

(assay on b ra in -hea r t  (BH)  a g a r )  a r e  photoreac t ivable ,  a s  a r e  

cel ls  of a noncompetent suspension grown i n  BH b ro th  ( m s .  i n  

p r e s s ) .  Photoreac t iva t ion  (?R) of 4 B ,  s u b t i l i s  168 was 

compared w i t h  t h r e e  t y p i c a l l y  photoreact ivable  organisms. 

A l l  were t e s t e d  under i d e n t i c a l  condi t ions  optimal f o r  - B. 

subtilis. I n  con id ia ,  BH broth-grown 

Escherichia  - c o l i  B / r ,  and - B. cereus ,  PR was equal ly  high 

under ae rob ic  o r  anaerobic  condi t ions  ( c u l t u r e  bubbled during 

PR wi th  a i r  o r  N2). The r e l a t i v e  inc rease  i n  su rv iva l  due 

t o  PR, i n  a i r  compared t o  N s ,  was 1.1 f o r  - S. griseus,, 1 .2  f o r  

E. c o l i ,  and 1.4 f o r  B. cereus. B u t  f o r  BH broth-grown (non- 

competent) - B. s u b t i l i s ,  i t  was 8.8, showing a requirement.  ~ O K  

02 during PR. 

2.4-fold increase in survival. Total viable cell. 

-__ I__  - -  

With N2, PR of b B. s u b t i l i s  was almost n i l ,  a 

competent p ~ e p a r ~ ~ ~ o ~  also required 02 fo PR, but the trans- 

formable frac ~ ~ e ~ c ~ i v a ~ e ~  n e i t  
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These experiments strengthened the proposed correlation be- 

tween transformability and"nonphotoreactivability, and further 

showed t h a t  even the PR found in n'oncompetent P B. subtilis 

was an unusual type.  



165. A GENETIC LOCUS A F F E C T I N G  C E L L  DIVISION AND RADXATION 

SENSITIVITY IN E S C K E R I C H I A  _I C O L I  M-12 

Adler ,  He I., Hardigree", A. A e  

Bac te r io log ica l  Proceedings,  p;  39, 1964 

Mating experiments between a r a d i a t i o n - r e s i s t a n t  high 

frequency donor s t r a i n  of - -  E.  c o l i  K - 1 2  ( H f r H )  and a r a d i a t i o n -  

s e n s i t i v e  r e c i p i e n t  (AB1899) have e s t a b l i s h e d  t h a t  a gene 

( l o n )  - c l o s e l y  l inked  t o  t h e  T6 marker i n f l u e n c e s  response t o  

both u l t r a v i o l e t  (2537 A )  and i o n i z i n g  r a d i a t i o n .  Mutation 

a t  the - l o n  locus  r e s u l t s  i n  enhanced r a d i a t i o n  s e n s i t i v i t y ,  

t he  production of a heavy mucoid capsule ,  and a p a r t i a l  

f a i l u r e  of t h e  mechanism t h a t  forms t he  cross-wal l .  Radiation 

induces t h e  formation of  long ,  nonseptate  f i l amen t s  i n  ce l l s  

conta in ing  t h i s  mutation. The f i laments  grow f o r  s e v e r a l  

hours a f t e r  i r r a d i a t i o n  and syn thes i ze  n u c l e i c  a c i d s  a t  a 

near-normal r a t e o  Nuclear d i v i s i o n ,  observed by phase micro- 

scopy, a l s o  proceeds normally. The f i laments  do not  form 

macroscopical ly  v i s i b l e  co lon ie s  on n u t r i e n t  agar .  

frequency of  f i laments  accounts  q u a n t i t a t i v e l y  f o r  t h e  

r a d i a t i o n  i n a c t i v a t i o n  of AB1899. 

gain  t h e  a b i l i t y  t o  produce c ross -wal l s  and form macrocolonies 

on n u t r i e n t  agar  which con ta ins  pantoy1 l ac tone  o r  mega  

methyl pantoyl  lac tone .  I n  t h i s  way t h e  l ac tones  completely 

The 

Both ends of a f i lament  
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remove the  r a d i a t i o n  s e n s i t i v i t y  induced by mutat ion a t  t h e  

- lon locus.  The l a c t o n e s  a l s o  i n t e r f e r e  w i t h  t h e  product ion 

of capsu la r  m a t e r i a l ,  We a r e  c u r r e n t l y  i n v e s t i g a t i n g  t h e  

poss ib l e  r e l a t i o n s  between l ac tone  s t imu la t ion  of c ros s -wa l l  

formation and i n h i b i t i o n  of capsule  formation. 



166 GENETIC AYALYSIS I N  ESCHERICHIA COLI K - 1 2  OF A 

DOUBLE MUTANT SENSITIVE TO RADIATION 

Duggan, D. E . ,  Adler ,  K. I. 

Bac te r io log ica l  Proceedings,  p .  39, 1964 

- 

Several  d i f f e r e n t  gene l o c i  i n  the l inkage group of 

- -  E. c o l i  K - 1 2  have been shown t o  be involved i n  d e t e r d n i n g  

the r e s i s t a n c e  of t h i s  organism t o  r a d i a t i o n s .  Mutants more 

s e n s i t i v e  t o  UV r a d i a t i o n  (2537 A) than the  pa ren t  have been 

i s o l a t e d  from - I _ _  E.  c o l i  

mutant which has lost 

r epa i r "  of UV-induced 

K - 1 2  AB1866, i t s e l f  a W - s e n s i t i v e  

t h e  mechanism respons ib le  f o r  "dark 

thymine dimer l e s i o n s  (Howard-Flanders 

e t  a l e ,  Proc. N a t l .  Acad. S c i .  US. - 48:2109, 1962). 

the mutants i s o l a t e d  was a l s o  more s e n s i t i v e  t o  X-rays than 

the  parent .  These mutants ,  l i k e  the  pa ren t ,  form long f i l a -  

mentous ce l l s  a f t e r  exposure t o  W. The mutant can be 

d i s t ingu i shed  from the  f@ament-forming "lon" mutant (Koward- . 

Flanders ,  1964, G e n e t i c s ,  i n  p re s s ;  Adler and Hardigree,  1964, 

One of 

.TI B a c t e r i a l . ,  i n  p r e s s )  s i n c e  it does no t  form mucoid 

co lonies  when grown on glucose-containing agar .  
1 

Fur ther ,  

t h i s  mutant un l ike  t h e  "lon" mutant,  e x h i b i t s  increased  re- 

i s t a n c e  t o  X-rays when grown t o  s a t i o n a r y  phase i n  a glucose- 

conta in ing  broth. ~ ~ r r e a  eats are designe 

t h e  newly mutate t h e  - v  E. co l i  K-12 1 nkage group, 
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wi th  r e l a t i o n  t o - p r e v i o u s l y  descr ibed  l o c i  a f f e c t i n g  response 

t o  r a d i a t i o n  and t o  determine the  na tu re  of t h e  a c t i o n  respon- 
I 

s i b l e  f o r  the increased  s e n s i t i v i t y  t o  r a d i a t i o n .  

a 



167. STABILITY OF DISSEMINATED EROSOLS OF PASTEURELLA 

TULARENSIS SUBJECTED TO STXUUTED S O W  RADIATIONS 

AT VARIOUS HUMIDITICES 

Beebe, J. M. 

- O f  v . .78 ,  np,  1, pp. 18-24, 1957 

Cells i r r a d i a t e d  w i t h  b a c t e r i c i d a l  u l t r a v i o l e t  l i g h t  a r e  

pro tec ted  by water vapor  i n  t h e  atmosphere. The s o l a r  W 

range is 3000-4000 A. A t  a l i g h t  i n t e n s i t y  of 30 pw/sq cm 

(3400 1 peak response) and 25 percent  humidity,  t he  decay 

r a t e  reached 57 percent  p e r  m i n e  As the  humidity was r a i s e d ,  

t he  microbia l  decay r a t e  i n  an a e r o s o l  dropped t o  8 percent  

p e r  min a t  95 percent  humidity. A l i n e a r  r e l a t i o n s h i p  i s  

shown between percent  r e l a t i v e  humidity and the  amount of 

p ro tec t ion  a f forded  t h e  P a s t e u r e l l a  c e l l s  a g a i n s t  b a c t e r i c i d a l  

W l i g h t .  



168e SOHE- BIOLOGICAL AND PKYSIC FACTORS IN DRY HEAT. 

STERILIZATIQN : GENERAL REVhEW 

Bruch, C I  W e  

In  " L i f e  Sciences and Space Resea ch", v e  136, A Session 

of the  Fourth I n t e r n a t i o n a l  Space Science Symposium, 

Warsaw, June 3-12 , 1963 pp a 357-371 

North-Holland Publ i sh ing  Corn any, Amsterdam, 1964 

A review of the s i g n i f i c a n t  l i t e r a t u r e  and t h e  s t a t u s  of 

OUK knowledge of the b i o l o g i c a l  and phys ica l  f a c t o r s  i n  d ry  hea t  

s t e r i l i z a t i o n  i s  provided w i t h  the  a u t h o r ' s  views arid comments. 

IQ discuss ing  the  effect  of exposure environment on dry  hea t  

r e s i s t a n c e ,  t h e  enhancing effect  of low and u l t r a h i g h  vacuum on 

des t ruc t ion  by dry  hea t  is noted. 

248 F (120 C )  reduced the  time requi red  t o  s t e r i l i z e  spores  of 

Bac i l lu s  s u b t i l i s  var .  * 80 percent  and spores  of  B. coagulans 

40 percent  compared t o  s t e r i l i z a t i o n  a t  a tmospheric  pressure .  

Spores of t hese  two s p e c i e s  were des t royed  f a s t e r  i n  dry  helium 

A vacuum of 58-2OO)1 Hg a t  

I 

gas than i n  a i r  a t  248 F, but the ra te  of d e s t r u c t i o n  in helium 

was not  as rap d as tha t  obta ined  w i t h  d ry  heat i n  a vacuum. 
c 

Another i n v e s t i g a t i o n  employing d i f f e r e n t  equipment and - B. s u b t i l i s  

oxygen and carbon 

d ioxide  than i rogen 

L 
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Spores of  B. and __I €3. s t r a i n  

1518 have been found t o  be more r e s i s t a n t  t o  d e s t r u c t i o n  by h o t  

- 

gases  of low water  conten t  than t o  superheated steam. 

d i f f i c u l t  s i t u a t i o n  f o r  dry hea t  s t e r i l i z a t i o n  i s  wi th in  s o l i d  

The most 

m a t e r i a l s .  The presence of many p l a s t i c s  i n  space probes w i l l  

make s t e r i l i z a t i o n  of these  probes d i f f i c u l t .  

The enhancing e f fec t  of vacuum is  r e s t r i c t e d  t o  exposed 

sur faces .  S t e r i l i z a t i o n  doses of r a d i a t i o n  damage many space 

probe components. S u b - s t e r i l i z i n g  doses of gamma r a d i a t i o n  

inc rease  the  d e a t h r a t e  by dry hea t  of - B. s u b t i l i s  v a r ,  n ige r  

and B. coagulans i n  an a d d i t i v e  manner r e a d i l y  demonstrated wi th  

D values .  Dry hea t  and r a d i a t i o n  i n  combination may prove 

f e a s i b l e  f o r  s t e r i l i z i n g  components which a r e  degraded by s t e r i l i z -  

i ng  doses o f  each agent ,  Further  work i n  q u a n t i t a t i n g  t h e  i n -  

c reased  thermal dea th  r a t e  af ter  i r r a d i a t i o n  may j u s t i f y  employ- 

ment of l o w  r a d i a t i o n  doses  i n  combination w i t h  dry hea t  f o r  
) 

s t e r i l i z a t i o n  of space probes o r  components. 

21 r e fe rences  



169 e PROBLEMS IN STERILIZATION OF SPACE VEE-ZICLES 

J a f f e ,  L. D. 

I n  " L i f e  Sciences and Space Research", v. 11, A Session 

of t he  Fourth I n t e r n a t i o n a l  Space Sciences Symposium, 

Warsaw June 3-12, 1963 , pp 406-432 , 
.'. 1 

North-Holland Publ ishing Company, Amsterdam, 1964 

Many spacec ra f t  m a t e r i a l s  a r e  damaged by common s t e r i l i z a t i o n  

methods. Exponential  k i l l  curves a r e  customary f o r  exposure of  

microbes t o  h e a t ,  chemica1,agents and r a d i a t i o n ,  but  d e v i a t i o n s  

a t t r i b u t e d  t o  the  presence of microbes w i t h  d i f f e r i n g  r e s i s t a n c e  t o  

the  s t e r i l i z i n g  agent  sometimes lead  t o  a decrease i n  t h e  r a t e  of 

k i l l ;  Dry hea t  may be used. f o r  spacec ra f t  s t e r i l i z a t i o n ,  bu t  

many s p a c e c r a f t  components a r e  damaged by 24 h r  a t  135 C. 

v i o l e t  r a d i a t i o n  reaches only d i r e c t l y  exposed su r faces  while  

U l t r a -  

i on iz ing  r a d i a t i o n  i s  more penet ra t ing .  Exposure t o  5 X lo6 r a d  

has been r epor t ed  t o  reduce a r e s i s t a n t  mic rob ia l  populat ion t o  

10-5-3 of t h a t  o r i g i n a l l y  p re sen t .  A dose of 1 .2  X lo7 r a d  should 

reduce the  o r i g i n a l  count by a f a c t o r  of b u t ' t h i s  dose w i l l  

damage many p l a s t i c s ,  p r o p e l l a n t s ,  g l a s s e s  and pigments. 

Ethylene oxide gas  i s  compatible w i t h  t h e  major i ty  of  space- 

c r a f t  components, but pene t r a t ion  is l i m i t e d  and is  a func t ion  

of t he  m a t e r i a l .  

a s i n g l e  vi ns i n  a s u r f a c  

organisms, 

In o r d e r  to achieve a probability of lom4 that 

cx t h e  cournt by a factor of 1 0 ~ ~ 2 .  
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This would r equ i r e  about 17 h r  assuming k i l l i n g  i s  exponent ia l .  

There i s  evidence t h a t  e thylene oxide k i l l  curves a r e  no t  exponent ia l  

bu t  l e v e l  ou t  a t  8-18 h r ,  so  t h a t  longer exposure produces no 

f u r t h e r  drop i n  populat ion.  There is  not  s u f f i c i e n t  evidence t o  

show t h a t  e thylene oxide can produce high p g o b a b i l i t i e s  of s t e r i l i t y  

under spacec ra f t  cond i t ions -  

Liquid s t e r i l a n t s  damage c e r t a i n  c r i t i c a l  spacec ra f t  components. 

They degrade the  e l e c t r i c a l  p r o p e r t i e s  of e l e c t r i c a l  conductors.  

The e f f e c t i v e n e s s  of l i qu id .  s t e r i l a n t s  of i n t e r e s t  seems r a t h e r  

e r r a t i c  and i s  s e n s i t i v e  t o  minor v a r i a t i o n s  i n  s t e r i l a n t  

concent ra t ion ,  q u a n t i t y ,  evaporat ion,  hydro lys is ,  polymerizat ion 

and s to rage  time a s  w e l l  a s  s u b s t r a t e  na ture  and c l e a n l i n e s s .  \ 

The con tac t  times r equ i r ed  extend t o  hours,  and the  l i q u i d  w i l l  

s t e r i l i z e  only su r faces  i t  touches.  

A s p o r i c i d a l  chemical may be added t o  spacec ra f t  m a t e r i a l s  

during manufacture. F lu ids  may be s t e r i l i z e d  by h e a t ,  r a d i a t i o n ,  

and chemicals.  

c a l  f i l t e rs .  

and f i l t e r  f a i l u r e ,  t h e  assurance ofafiltration s t e r i l i z a t i o n  i s  

on ly  about lo”*; 

Liquids and gases  may be passed through b a c t e r i o l o g i -  

Because of t h e  l i ke l ihood  of f i l f e r  imperfec t ions  

A i r  f a l l o u t  eve under c l ean  room condi t ions  c o n t r i b u t e s  

10 1 3  -10 organisms/f t2  hat de tec t ed  on c u l t u r e  media, A hood 

assembly tec which t he  hood is s t e r i l i z e d ,  a pos i  

pressure  o f .  fi ltered a i  is m a ~ n ~ a i ~ e d ~  and u l t r a v i o l e t  lamps 
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a r e  i n  -operation may s t i l l  provide a 

contamination from the  bags,  hands, gloves and a i r e  

s t e r i l a n t  app l i ed  t o  mating sur faces  during assembly i n  t he  hood 

pe r  p a r t  chance of 

A l i q u i d  

should reduce the  chance of contamination t o  Io"3-10"~ p e r  p a r t .  

A glove box previous ly  s t e r i l i z e d  wi th  a gas  such a s  e thylene  
.:' 3 

oxide may be b e s t  f o r  s t e r i l e  assembly, Careful  c o n t r o l  of 

s t e r i l i z e d  subassemblies by a c e n t r a l  s t e r i l i t y  group i s  e s s e n t i a l  

t o  prevent recontamination. A s t e r i l i z e d  spacec ra f t  might become 

contaminated during the  launch, Leakage i n t o  a closed shroud, and 

a separa t ion  malfunct ion might introduce Contamination. 

The r a d i a t i o n s  i n  t h e  space environment would not  s t e r i l i z e  

a spacec ra f t  i n  f l i g h t  since they w i l l  no t  reach  many a r e a s  of t h e '  

craf%' because of p e n e t r a t i o n  and dose l i m i t a t i o n s ,  Heat s t e r i l i z -  

a t i o n  introduced a s  a d e l i b e r a t e  p a r t  of t he  f l i g h t  sequence might 

be usefu l ,  bu t  i t  would be d i f f i c u l t  t o  hea t  a spacec ra f t  evenly 

i n  space and avoid interference wi th  instrument  c a l i b r a t i o n .  

Ablation i n  a p l ane ta ry  atmosphere o r  impact on a p lane tary  

[ 

su r face  w i l l  no t  s t e r i l i ze  since the  fragments w i l l  no t  hea t  

s u f f i c i e n t l y .  

w i t h  monitoring, r e l i a b i l i t y  of spacecraf t  performance, adjustments  

A d i scuss ion  i s  presented of  problems a s soc ia t ed  

and r e p a i r s  and t h e i  

61 re ferences  



170, MODIFICATION OF THE OXYGEN EFFECT W N  BACTERIA &RE G I V E N  

LARGE PULSES OF RADIATION 

Dewey, D e  L., Boag, J. W e  

Nature,  ve 183, no. 4673, ppa 1450-1451, 1959 

S e r r a t i a  marcescens shows enhanced s e n s i t i v i t y  t o  r a d i a t i o n -  

t h e  so-ca l led  oxygen e f f e c t  - almost t o  the  f u l l  ex t en t  when. a 

suspension s a t u r a t e d  w i t h  a 1 percent  oxygen and 99 percent  

n i t rogen  m i  t u s e  i s  i r r a d i a t e d  a t  about 1000 rad/min.. 

l i n e a r  a c c e l e r a t o r  can d e l i v e r  a dose of 10-20 k r  1.5 Mv 

X-radiation i n  2 microsec,  With such pu l ses ,  these b a c t e r i a  

A pulsed 

s a t u r a t e d  w i t h  the  same oxygen-nitrogen mixture  show the  lower 

s e n s i t i v i t y  corresponding t o  anaerobic  i r r a d i a t i o n .  The first 

f e w  k i l o r a d s  probably remove d i s so lved  oxygen from the  i n t e r i o r  

of the  c e l l  by radiat ion-induced r e a c t i o n s .  The b a c t e r i a  w i l l  

then be under e s s e n t i a l l y  anaerobic  condi t ions  since e x t r a -  
c 

c e l l u l a r  oxygen cannot p e n e t r a t e  t h e  c e l l  by d i f f u s i o n  i n  t h e  

2 microsec,  Bac ter ia  e q u i l i b r a t e d  w i t h  5 percent  oxygen i n  
( 

n i t rogen  sh the effect e 
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Alper,  T. 

Annual Review _. of Nuclear Science,  v. 10, pp. 489-530, 1960 

This ex tens ive  review inc ludes  many c i t a t i o n s  concerning 

modi f ica t ion  of r a d i a t i o n  response by t reatment  before ,  during,  

and a f t e r  i r r a d i a t i o n .  Gol 'dat  and Alikhanyan (1959) found t h a t  

doses of 4000 e r g s / s q  m of W ,  and 36 k r  of 60 kv X-rays given 

sepa ra t e ly  co Streptomyces aureofac iens  spores ,  reduced the  

r e s p e c t i v e  surv iv ing  populat ions t o  3 * 7  X and t o  0.15. If 

t h e  e f f e c t s  of success ive  exposures t o  the  two types of r L d i a t i o n  

were a d d i t i v e ,  the  expected surv iv ing  f r a c t i o n  would be 5.5 X LO 

provided k i l l i n g  was exponent ia l ,  It was found, however, t h a t  

i f  t he  X-ray exposure followed W t rea tment ,  the  number or' 

surv ivors  was considerably h igher  than expected on the b a s i s  of 

t h e  two i r r a d i a t i o n s  a c t i n g  independently,  The extent of t he  

inc rease  depended on t h e  t i m e  i n t e r v a l  s epa ra t ing  the  exposures;  

the  maximum effect  being observed when t h e  X-ray exposure was 

given one, h r  a f t e r  UV, t h e  surv iv ing  f r a c t i o n  then being 3 . 3  X 10-3. 

-4 

The r e s t o r i n g  a c t i o n  of W was observed both  f o r  l e t h a l  e f f e c t s  

and mutation induct ion.  

Elkind and Sutton 1959) exposed y e a s t  cel ls  t o  UV e i t h e r  

before  or after:  t h e  X-ray s u r v i v a l  curves f o r  UV- 

t r e a t e d  ce l l s  were p10 from the  l e v e l  t o  which the o r i g i n a l  
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population had been reduced a s  though they had received the  X-ray 

dose requi red  t o  reduce the  surv ivors  t o  t h i s  l e v e l ,  W could i n  

most i n s t ances  be regarded a s  having a p r o t e c t i v e  a c t i o n .  Large 

UV 'doses were more e f f e c t i v e  i n  reducing subsequent damage by 

X-rays i f  a period of exposure t o  v i s i b l e  l i g h t  i n t e r v e n e d .  Re-  

a c t i v a t i o n  by v i s i b l e  l i g h t  a f t e r  UV does not  necessa r i ly  br ing  

about a t r u e  r e v e r s a l  0% UV e f f e c t s .  

was found t o  be a c t i v e  on the  r e s i s t a n t  d iv id ing  c e l l s .  Doses of 

400 e r g s / m 2  were mos e f fece ive  inc reas ing  the  f r a c t i o n  of ce l l s  

surviving by a f a c t o r  of 3 o r  4, and thus  equiva len t  t o  reducing 

the  X-ray dose e f f e c t i v e n e s s  by about one-fourth.  

W exposure a f t e r  X-rays 

An interdependence of temperature and oxygen e f f e c t  was 

reported by Powers, Webb and Ehret  (1959). Dry Bac i l lu s  megacerium 

spores i r r a d i a t e d  below -150 C d id  not  d i s p l a y  any dependence of 

s e n s i t i v i t y  on temperature o r  oxygen. Above t h i s  temperature,  
rl 

s e n s i t i v i t y  increased  l i n e a r l y  w i t h  temperature,  but t h e  c o e f f i c i e n t  

of increase  was g r e a t e r  i f  t h e  spores  were i r r a d i a t e d  i n  oxygen. 

Powers, Kale ta ,  and Webb (1959) r epor t ed  that: n i t r i c .  oxide 

pro tec ted  d ry  b a c t e r i a l  spores  whether p re sen t  during o r  fol lowing 

i r r a d i a t i o n ,  provided t h e  i r r a d i a t i o n  was done i n  anoxic cond i t ions ,  

The effect  of 254 W on b a c t e r i a  i s  not: inf luenced by 

oxygen, bu t  Alper and C i l U e s  (1960) demonstrated t h a t  l e t h a l i t y  

ted Escherichia  c o l i  B cells  a r e  inocu la t ed  
, s _ _  

is reduced i 
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i n t o  n u t r i e n t  b ro th  and held anoxic a t  3'9 C. N u t r i t i o n a l  condi t ions  

which increased the  r a t e  of growth produced t h e  most r a d i a t i o n  

damage. 
Y 

Metabolic i n h i b i t o r s  suppl ied  a f t e r  i r r a d i a t i o n  reduced 

t h e  e f f e c t s  of both ion iz ing  r a d i a t i o n  and W. The r eve r se  i s  

t r u e ,  however, w i t h  - _ _ s  E .  c o l i  B/F, so that this UV resistant 

mutant and the  parent  s t r a i n  become s i m i l a r  i n  s e n s i t i v i t y  under 

growth i n h i b i t i n g  cond i t ionss  

224 re ferences  
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172. APPLICATION OF HIGH-FREQUENCY ELECTROSTATIC FIELDS 

I N  AGRICULTURE 

Ark, I?, A * ,  Parry ,  W.  

Quarter ly  Review - of  Biology, v. 15, pp. ,172-191, 1940 

The au tho r s  review most of the  pre-1940 l i t e r a t u r e  on 

b i o l o g i c a l  e f f e c t s  of h igh  frequency o s c i l l a t i n g  f i e l d s .  

Diphtheria t e t anus  and botu l inus  tox ins  were a t t e a u a t e d  b, 

exposure t o  o s c i l l a t i n g  c u r r e n t s  i n  the  co ld ,  Nycobactcriclm 

tube rcu los i s  t r e a t e d  f o r  30 s e c  by high frequency c u r r e n t s  showed 

growth r e t a r d a t i o n  from 14 to 24 days a f t e r  subcul tur ing ,  

Staphylococcus sp.  d i ed  more quickly than c o n t r o l  c u l t u r s s .  

Eac ter ia  and fungi  can be k i l l e d  by high frequency c u r r e n t s ,  de- 

pending upon experimental  cond i t ionss  Escherichia  c o l i  i s  killed 

most r a p i d l y  a t  10 mc/sec,  15 and 7.5 mc/sec being of l e s s e r  

e f f e c t i v e n e s s .  Erwinia carotovora exposed t o  10.4 meters i n  0-01 

percent  sodium c h l o r i d e  and then inocula ted  t o  agar  s l a n t s  i s  

r e t a rded  i n  growth a f t e r  2 min treatment and k i l l e d  i n  2.5-3 min. 

Suspension d e n s i t y  and t h e  time f a c t o r  were independent i n  k i l l i n g  

of the  b a c t e r i a .  Bac te r i a  on a d r i e d  s i l k  thread ,  however, were 

n o t  k i l l e d  i n  the  same s tudy even a f t e r  30 min exposure.  

Wavelengths of 50 and 100 meters d i d  n o t  a f f e c t  c u l t u r e s  of 

t h e  fungi  Fusarium b a t a t i s ,  Collybdia dryophi la  o r  S c l e r o t i n i a  

ba t a  t i c -o la  cons t an t  i r r a d i a t i o n  ~ Q K  48 and 65 h r  a t  t h e  

r e spec t ive  wavelengths,  I n  another  i n v e s t i g a t i o n ,  an e f fec t  on 
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fung i  began a t  10.4 meters, Wavelengths of 20 and 30 meters were 

u n s a t i s f a c t o r y  even w i t h  very long exposures.  Fusarium s o l a n i  

exposed t o  a 9 meter f i e l d  between p l a t e s  2 ,5  c m  a p a r t ,  was 

i n h i b i t e d  a f t e r  5 rnin and k i l l e d  a f t e r  10 min t rea tment ,  A wave- 

l e n g t h  of 5.6 meters  was most e f f e c t i v e  f o r  fung i ,  One m i n  t r e a t -  

men t  i n h i b i t e d  fungus growth while 4-6 rnin exposures were l e t h a l ,  

The wood des t roying  fungus M e r u l i u s  lacrymans w a s  k i l l e d  i n  60 rnin 

a t  a wavelength of 8 meters, while under 4.5 meters 50 n i n  w a s  a 

l e t h a l  dose w 5 e a  t h e  fungus was wi th in  o r  on the  su r face  of wood. 

The f u n g i  S c l e r o t i n i a  l i b e r t i a n a  and B o t r y c i s  c i n e r e a  w e r e  

unaf fec ted  by 1 sec  t o  30 m i n  exposures i n  aga r  media t o  a wavelength 

of 2,2 meters  between p l a t e s  12 c m  i n  d iameter ,  f i e l d  s t r e n g t h  

2000 v, and 5.5 amp i n  a secondary tank c i r c u i t .  They were k i l l e d ,  

however, by a wavelength of 5.6 meters i n  20-25 sec. The agar  

began t o  m e l t  when the. temperature i n  t h e  e l e c t r o s t a t i c  f i e l d  

reached 45 C ,  bu t  80 C i s  requi red  i n  a water  bath.  Lethal  e f f e c t s  

of  t hese  f requencies  began when the  temperature of  the  medium 

reached 30-40 C, These temperatures a r e  not  l e t h a l  under 

ord inary  cond i t ions .  

It may be p o s s i b l e  t o  d i s i n f e c t  wheat seeds f o r  fungus 

d i s e a s e s  wi thout  s e r i o u s l y  reduci g t h e  germination of t h e  seeds.  

Fungi and bacteria may be es t royed  i n  e l e c t r o s t a t i c  f i e l d s  by hea t  

induced by passage o c forces. Perhaps only c e r t a i n  

cel l  sites are heated mme arily t o  such  a degree t h a t  



death  ensues-  The p r i n c i p a l  t h e o r i e s  f o r  t he  phenomena induced 

by high frequency c u r r e n t s  a r e :  hea t  produced a s  a r e s u l t  o f  

energy absorpt ion by the  t r e a t e d  m a t e r i a l  (conduction c u r r e n t s ) ;  

resonance theory ,  effect  of d i p o l e s ,  and s p e c i f i c  e f f e c t s .  

233 r e fe rences  



1’73. A SPECIFIC EFFECT OF HIGH-FEEQUENCU ELECTRIC 

CURRENTS ON BIOLOGICAL OBJECTS 

Nyrop, J. E, 

Nature, ve 1946 

Effects of e l e c t r i c  f i e l d  with minimal heating were 

explored a t  20 mc. Test materials were cooled, and current 

was modulated t o  f a c i l i t a t e  heat dissipation. When Escherichia 

P c o l i  i n  l iquid medium were exposed to  a f i e l d  strength of 

230 v/cm, 99.5 percent of the c e l l s  were k i l l e d  i n  7 sec. 

A t  288 v/cm, t h i s  degree of k i l l i n g  was accomplished i n  4 sec. 

There was no masked difference whether the treatment took 

place between 12  and 40 C OK 40 and 60 C ,  I n  an improved 

apparatus, 99.6 percent of the bacteria were k i l l e d  a2 

205 v/cm i n  5 sec and 99-98 percent i n  10 sec. 

of k i l l i n g  by heat alone would require 600 sec a t  60 C. 

This degree 

Foot-and-mouth disease v i r u s  was completely inactivated a t  

260 v/cm i n  10 see.  (temperature not above 36 C )  or a t  480 

v/cm for 2,4 sec. This vi rus  would require 60 hr a t  37 C 

for heat inact ivat ion in the absence of a f i e l d .  V i r u s  i n -  

activated in an e l e c t r i c  f i e l d  is not sa t i s fac tory  a s  a 

vac a ~ ~ i g e ~ i c  activity of virus in- 

by heat. This indicates  t e l e c t r i c  field and 

heat  have difde en t  modes of act ion ,  Tissue cultures were 
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k i l l e d  at 22 v/cm in 300 sec without a i s i n g  the temperature 

above 30 C. 



174. TKE PASTEURIZATION OF .AMERICAN CHEDDAR CHEESE BY 

RADIO-FREQUENCY E A T  

Kosikowsky, F, TI., Herrington,  B. L., Dahlberg, A *  C. 

- Journa l  - of  Dairy Science,  v. 3 2 ,  pp. 790-795, 1949 

Young Cheddar cheese may be pas t eu r i zed  by rad io-  

frequency heate  A 1.3 l b  block of cheese could be heated 

w i t h i n  1.5 t o  2.7 min t o  temperatures  ranging from 117 t o  

155 F. (47-68 C) by means of an o s c i l l a t o r  ope ra t ing  a t  1-50 m c  

a t  a p o s s i b l e  power output  of 750 w e  The b a c t e r i a l  count 

24 h r  a f t e r  hea t ing  ranged from 1,500 t o  120,000 p e r  g i n  

c o n t r a s t  t o  320 m i l l i o n  in an unheated c o n t r o l  sample. The 

types of bacteria growing i n  he cheese were n o t  determined, 



175. THE SURVIV L OF B A C E X I A  LX HIGH-FREQUENCY ELECTRIC FIE 

The au thors  attempted t o  reproduce experiments i n  which o t h e r s  

had ind ica ted  the ex i s t ence  of a s p e c i f i c  b a c t e r i c i d a l  a c t i o n  of  

high frequency f i e l d s  o t h e r  than t h a t  due t o  hea t  generated i n  t he  

medium. The l a rge  l e t h a l  e f f e c t  was of p a r t i c u l a r  i n t e r e s t  because 

of the low power requirement.  C u l t u r e s  included Bacterium -3 c o l i  

Staphylococcus aureus ,  Pseudomonas f luo rescens ,  Bac i l l u s  s u b t i l i s ,  

and Sarcina.  l u t e a  in bro th  o r  d i s t i l l e d  water  suspension. Radio- 

frequency f i e l d s  were generated by a low powered appara tus  of 

frequency v a r i a b l e  from 1-70 Mc/sec and a 'Pfetal ix '  diathermy unit 

f ixed  a t  44 Mc/sec but  of high and v a r i a b l e  ou tpu t .  Metal f o i l  

e l e c t r o d e s  were ou t s ide  t h e  g l a s s  w a l l s  of t h e  c u l t u r e  tubes o r  

p e t r i  d i shes .  The volume of f l u i d  t r e a t e d  never exceeded 6 ml and 

was always e n t i r e l y  wi th in  t h e  e lectr ic  f i e l d .  Bac ter ia  

was determined by d i l u t i o n  p l a t e  counts  made immediately a f t e r  t h e  

f i e l d  was switched o f f .  F i n a l  temperatures were measured a t  t h i s  

time. 

appara tus  t e was no s i g n i f i c a n t  

.2, 18, 25, 40, 55, and 66 

een % l e t  e l ee t r~des  2 e m  apa osure f o r  6 m 

was no% observed w ano the r  experiment h%Ch B. c o l i  an - -  
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- S. aureus were exposed f g r  5-15 min i n  a concen t r i c  f o i l  e l e c t r o d e  

system a t  a higher  vol tage g rad ien t  w i th  e l e c t r o d e s  1.5 and 3 m 

a p a r t  a t  609 63, and 64 Mc/sec nor at 4 4  Mclsec a t  low and high 

power levels maintained SOP 6 and 3 m i n  r e s p e c t i v e l y ,  

percent  reduct ion i n  count occurred i n  some experiments conducted 

up t o  40  
.. - 

wi th  the  high-powered genera tor  and 5 rm bemeen the e l e c t r o d e s o  

The r e s u l t s  w e r e  no t  c o n s i s t e n t ,  however, and temperatures reached 
c 

a s  high a s . 4 3  C i n  precooled suspensions.  Other experiments w i t h  

the  f i v e  species a t  44 Mc/sec f o r  30 sec d id  no t  achieve complete 

s t e r i l i z a t i o n .  L h i t e t i o n s  imposed by the  f requencies ,  power, 

e x t e r n a l  e l e c t r o d e  arrangement and the f a i l u r e  t o  induce high 

m o r t a l i t i e s  makes i t  un l ike ly  t h a t  t h e  technique w i l l  have any 

p r a c t i c a l  a p p l i c a t i o n  i n  s t e r i l i z a t i o n  o t h e r  than for obta in ing  

e f f i c i en t  uniform hea t ing  e 



176. THE INFLUENCE OF EWIROhWENTA'H, FACTORS ON THE MICROBICIDAL 

EFF'ECT OF OMXSING WXATIOMS 

Bridges, B. A. , Home,  T. 

Journa l  - -  of Appl-ied - B a c t e s i o l o u ,  v. 22, no. 1, pp. 99-1115, 

1959 

A summary i s  given of t he  phys ica l  and chemical f a c t o r s  which 

modify t h e  microbic ida l  a c t i o n  of i on iz ing  r a d i a t i o n s .  The 

u l t ima te  p r a c t i c a l  use i n  r a d i a t i o n  s t e r i l i z a t i o n  i s  noted a s  is 

t h e  importance of pure r e sea rch  d i r e c t e d  a t  understanding the  

e f f e c t s - o f  r a d i a t i o n  on l i v i n g  ma t t e r ,  The a c t i o n  of a given 

f a c t o r  before  o r  during i r r a d i a t i o n  may be d i f f e r e n t  from the  

a c t i o n  of t h e  same f a c t o r  a f t e r  i r r a d i a t i o n .  Most organisms are 

considerably more r e s i s t a n t  t o  r a d i a t i o n  i n  t he  absence of oxygen 

but  b a c t e r i a l  spores  a r e  much l e s s  a f f e c t e d  by oxygen. 

commercial r a d i a t i o n  s t e r i l i z a t i o n  process ,  t h e  i n i t i a l  number of 

I n  a 

microorganisms would be k e p t  as low as poss ib l e ,  bue: r e s i s t a n t  

8 organisms may cause a t a i l '  on the  surviva;l  curve.  This has 

occurred w i t h  v i r u s e s  under c e r t a i n  cond i t ionss  

Resis tance t o  r a d i a t i o n  i s  gene ra l ly  h ighes t  a t  n e u t r a l  pHD 

The pH of t h e  posk i r r ad ia t ion  medium is  a l s o  a f a c t o r  i n  recovery.  

I r r a d i a t e d  Escherichia __I c o l i  B survived b e t t e r  on a c i d  than on 

Ikaline media, Bac ter ia  are most s e n s i t i v e  to X-rays i n  the  

the Vegetative b a c t e r i a  are more 
. 



r e s i s t a n t  when i r r a d i a t e d  i n  the  dry  s t a t e  than i n  w e t  cond i t ions .  

These a r e  s e v e r a l  r e p o r t s  t h a t  b a c t e r i a l  spores  a r e  more s e n s i t i v e  

when dry than when w e t .  

f rozen ,  bu t  spores a re  l e s s  a f f e c t e d  by f reez ing .  

Vegetative cel ls  a r e  more r e s i s t a n t  when 

Some spores  such 

a s  Bac i l lu s  s.ubti1i.s a r e  more r e s i s t a n t  i n  t h e  nonfrozen s t a t e ,  

but - B. thermoacidurans ( c o a g u l a n s )  and C l o s t r i d i m  sporogenes 

show no d i f f e r e n c e  i n  r e s i s t a n c e  whether f rozen o r  no t  f rozen ,  

Spores and vege ta t ive  ce l l s  d i f f e r  wi th  respect t o  t h e  

combined e f fec ts  of hea t  and r a d i a t i o n ,  B a c t e r i a l  spores  a r e  n o t  

s e n s i t i z e d  by prehea t ing ,  but  i r r a d i a t i o n  s e n s i t i z e s  them t o  pos t -  

heat ing.  - -  c o l i  i s  s e n s i t i z e d  t o  i r r a d i a t i o n  by prehea t ing  t o  E .  

45 C, while  Saccharomyces c e r e v i s i a e  i s  s e n s i t i z e d  by prehea t ing  

a t  52.5 C.  An i r r a d i a t i o n  temperature of 52.5 C i s  more e f f e c t i v e  

than hea t ing  the y e a s t  t o  clba t temperature before  o r  a f t e r  

i r r a d i a t i o n .  The r a d i o s e n s i t i v i t y  of vacuum d r i e d  spores  of - B. 

has been studded from 5 - 404 K. Maximum s e n s i t i v i t y  

has been repor ted  a t  309 K (36 C ) ,  m i n i m u m  s e n s i t i v i t y  a t  350 K 

(77 C), and a p la t eau  o f  temperature independence below about 

130 K (-143 C ) .  P a r t i a l  recovery from r a d i a t i o n  damage can occur 

when c e r t a i n  b a c t e r i a  a r e  incubated at: suboptimal temperature a f t e r  

i r r a d i a t i o n ,  

Oxygen i nc reases  t h e  l e t h a l  a c t i o a  o f  r a d i a t i o n  on 

and i s  effective a t  very f concentre tioras e The relative 
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s e n s i t i v i t i e s  of s e v e r a l  b a c t e r i z  to beta  and g a m a  i r r a d i a t i o n  

i s  usua l ly  of the orde r :  02 > a i r ' >  v a c u m  2 / N~~ V i r u s e s  are 

exceptions t o  the g e n e r a l l y  observed oxygen e f f e c t ,  Coliphage 

T1 i s  protected by oxygen a g a i n s t  r a d i a t i o n  i n a c t i v a t i o n .  

gases  a t  h igh  concent ra t ion  i n  the  presence of a i r  cause a decrease 

i n  r a d i a t i o n  s e n s i t i v i + y  a t t r i b u t e d  to displacement of oxygen 

from c e l l  s i t e s  a t  which oxygen molecules can i nc rease  r a d i a t i o n  

l e t h a l i t y o  

I n e r t  

Small changes i n  environmental  condi t ions  could l e s s e n  the  

l e t h a l  effect  of r a d i a t i o n  and allow one o r  two organisms t o  

surv ive ,  The cond i t ions  a t  which l e t h a l i t y  i s  g r e a t e s t  m u s t  be 

determined so t h a t  s t e r i l i t y  may be obtained w i t h  e;he lowest 

poss ib l e  and the re fo re  cheapest  dose. For food a p p l i c a t i o n s ,  

t he  f a c t o r s  which may best be modified a r e  temperature changes,  

gas phase composition, and u s e  of chemical a d d i t i v e s ,  These 

a d d i t i v e s  have been used only r ecen t ly  with r a d i a t i o n  either as 

s e n s i t i z i n g  agen t s ,  spore germination inducers ,  o r  b a c t e r i o s t a t i c  

agen t so  No a n t i b i o t i c s  have been shown t o  be r a d i a t i o n  s e n s i t i z e r s o  

- C. botulinum is among t h e  most: r e s i s t a n t  organisms found i n  

food, 

be about 3 rad, 

For only 1 - 10 such spores/g,  t he  s t e r i l i z i n g  dose w i l l  

Assuming 10' - lo2 spores/g,  4.8 Mrad w i l l  

reduce the  s u w i v o r s  t o  10- '1 - 10"12/g. ~n gene ra l ,  105 rad  

ould reduce the microbial population of a food product by a 

factor of 1.02 o 99 references 



177. NONCHEMICAL METHODS OF E N Z ~  INACTIVATION 

King, Pi, E, 

’ I l l i n o i s  I n s t i t u t e  of Technology, Chicago, I l l i n o i s  

Report No. AEiF 3145-4 

F i n a l  Report No. 4 f o r  Apr i l  15, 1959 - Apr i l  14 ,  1960 

June 13, 1960, pp. 24 

Contract  DA 19-l29-qm-1387 

PB 163 595 OTS 

Heating by electromagnet ic  energy was evaluated f o r  

enzyme i n a c t i v a t i o n  i n  meat t o  be subjected t o  r a d i a t i o n  

s t e r i l i z a t i o n .  Adequate pene t r a t ion  i s  t h e o r e t i c a l l y  obtained 

wi th  maximw absorp t ion  at 200-500 mc. Commercial equipment 

opera tes  e i t h e r  above OK below t h i s  range, and u n i t s  opera t ing  

at 5-200 m c  and 1300 m c  were found i n  i n i t i a l  t e s t s  t o  need 

ex tens ive  mod i f i ca t ions  t o  hea t  l a r g e  meat samples i n  a s h o r t  

t h e .  Three 2450 m c  e l e c t r o n i c  ovens were t e s t e d  f o r  hea t ing  

a b i l i t y  and effect  on p r o t e o l y s i s .  Meat was heated and 

i r r a d i a t e d  and the  amino a c i d s  l i b e r a t e d  by p r o t e o l y t i c  

enzymes a f t e r  6 weeks a t  98 F were assayed by a modified 

ninhydrin method. Heating i n  t hese  ovens followed by 

i r r a d i a t i o n  a lone  was e f f e c t i v e ,  and v a r i a t i o n s  d id  not  o f f e r  

any advantage. e a t  q u a l i t y  s good, and t h e  f i n a l  temperature 



177. Cont'd 

did not influence the decrease in proteolysis. F u r t h e r  work 

is necessary to extend the results to large-scale process ing .  



178. CONSIDERATIONS OX THE EFFECTS PRODUCED BY SUPERIXPOSED 

ELECTRIC AND WGhXTIC FIELDS IN BIOLOGICAL SYSTEMS AND 

. ELECTROLYTES 

Heinmets, F. ,  Herschman, A. 

Physics - i n  Medicine - and Biology_, v. 5 ,  no. 3, pp. 271-2886 1961 

A t h e o r e t i c a l  a n a l y s i s  i s  presented  f o r  a p p l i c a t i o n  of 

combined f i e l d s  i n  b i o l o g i c a l  s t u d i e s .  Bac te r i a  moving i n  a 

s t r a i g h t  line under the in f luence  of an e l ec t r i c  f i e l d  i n  a n  

e l e c t r o p h o r e s i s  appara tus  changed d i r e c t i o n  when a s t a t ionayy  

magnetic f i e l d  was app l i ed  perpendicular  t o  t h e  e lectr ic  f i e l d ,  

b u t  continued t o  move i n  a s t r a i g h t  l i n e  fol lowing a 20 degree 

change i n  d i r e c t i o n .  I n  experimenting w i t h  combined rnagaetic 

and e l e c t r i c  f i e l d s ,  i t  i s  diffict .de t o  o b t a i n  uniform f i e l d s .  

Force g r a d i e n t s  may be p r e s e n t  i n  an  e l e c t r o l y t e ,  and convection 

c u r r e n t s  appear;  Forces p r e s e n t  i n  such f i e l d s  a r e  t o o  small  

t o  produce d i r e c t  changes i n  molecules o r  i n  s t r u c t u r a l  e l e m e n t s  

of t he  ce l l .  The hea t ing  e f fec t  which r e s u l t s  from o s c i l l a t o r y  

motions of t h e  i o n s  i n  an  a l t e r n a t i n g  e lectr ic  f i e l d  i s  beyond 
\ 

this  d iscuss ion .  

It appears  t h a t  combined f i e l d s  a t  reasonable  f i e l d  s t r e n g t h s  

oduce a UKI e d i so rgan iza t ion  of c e l l u l a r  growth 

p a t t e r n  and rect: loss  of v i a b i l i t y .  Abnormal 

c e l l u l a r  growt lass of v i a b i l i t y ,  By a p p l i c a t i o n  
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of a high frequency e lectr ic  f i e l d  a lone ,  a magnetic induct ion 

f i e l d  i s  a l s o  p re sen t ,  but  ' t h i s  i s  e s s e n t i a l l y  out  of phese,  and 

the  fo rce  component is small. The s i t u a t i o n  i s  s i m i l a r  when a 

high frequency magnetic f i e l d  i s  appl ied .  Strong e l e c t r i c  f i e l d s  

cause a l a r g e  energy loss i n  the  system, and a l a r g e  temperature 

r i s e  w i l l  t ake  p lace ,  This  can be p a r t i a l l y  reduced by applying 

high frequency f i e l d s  i n  s h o r t  pu lses .  The s t ronges t .  i n t e r a c t i o n  

fo rce  on an ionized p a r t i c l e  i n  a l iquid.  occurs when e l e c t r i c  

and magnetic f i e l d s  of a t r a v e l l i n g  wave a r e  i n  phase and 

perpendicular  t o  each o t h e r ,  but  d i e l e c t r i c  hea t ing  of t h e  nediuri? 

or: o b j e c t  occurs * 



179. EFFECT OF RADIOFREQUENCY ENERGY (2,450 m c )  ON 

BACTERIAL, SPORES 

Grecz, N . ,  Walker, A .  A . ,  A n e l l i s ,  A, 

B a c t e r i o l o g i c a l  Proceedings,  p .  145, 1964 

Spores of C l o s t r i d h n  sporogenes PA 3679 suspended i n  

phosphate b u f f e r  (pH 7.0)  were exposed t o  2,450 m c  of r a d i o -  

frequency energy of about  1 kw power d i r e c t e d  i n t o  rhe sample. 

Temperatures dur ing  t rea tment  were maintained a t  65, 75, 85, 

95, and 100 C b y . a  s p e c i a l l y  cons t ruc t ed  cons tan t  temperature 

microwave dev ice .  Microwave hea t ing  was c o n s i s t e n t l y  more 

l e t h a l  t o  spo res  than equ iva len t  ccmventional hea t ing .  The 

d i f f e r e n c e  between the  microwaves and convent ional  hea t  was 

smal l  a t  65 and 75 C but  became very pronounced a t  85, 95, 

and 100 C.  P r o t e i n  s o l u t i o n s  (5 percent  beef e x t r a c t )  

p r o t e c t e d ,  wh i l e  a c i d i t y  (pH 3.1) s e n s i t i z e d  the  spores .  

Microwave t r ea tmen t  of spores  i n  the dry s t a t e  appeared t o  

have no d e t e c t a b l e  effect  on t h e i r  v i a b i l i t y .  Treatment 

w i t h  g a m a  r a y s  a t  0.4 Mrad s i g n i f i c a n t l y  decreased the  re- 

s i s t a n c e  o f  spores  t o  subsequent convent ional  hea t ing  and t o  

even a greater  degree t o  microwave hea t ing .  Reversing t h e  

p r o c e d ~ ~ @ ,  f e e . ,  e ores a t  85 C for 7 h r  t o  micro- 

waves or  hea 1: p r i o r  to i r r a d i a t i o n  had only  a 

small effect on the r a d i a t i o n  r e s i s t a n c e  of spores .  



180. SURVIVAL OF ANzP.IALS IN MAGNETIC FIELDS OF 140,000 Oe 

Baischer ,  D .  E.  

I n  "Bio logica l  Effects of Magnetic F ie lds"  

Edi ted by M. F. Barnothy, pp. 201-208, 

Plenum gress, New York, 1964 

A 2-hr exposure of  Neurospora c r a s s a  con id ia  t o  homogeneous 

and heterogeneous p o r t i o n s  of a 140,000 O e  f i e l d  produced no 

mutants .  The l i g h t  emission from Photobacterium f i s c h e r i  

measured by a pho tomul t ip l i e r  tube w a s  n o t  changed by a 1-hr 

exposure to t h e  Same magnetic f i e l d .  



181. IhidIBITION OF BACTERXAL GROWTH I N  FIELDS OF H I G H  

P!ARAMAGNETICC S I X E N G T H  

Gerencser,  V. I?., Barnothy, M. F . ,  Barnothy, J. Xe 

I n  "Biological  Effects  of Magnetic Fields"  

Edited by M. F. Barnothy, pp. 229-239, 

Plenum Pres s ,  New York, 1964 

N u t r i e n t  b ro th  c u l t u r e s  of S e r r a t i a  marcescens and 

Staphylococcus aureus were grown between the  tapered ,  

cons tan t  g rad ien t  polecaps of a Varian 4- in  eleccromagnet.  

With. - S o  marcescens t h e  average f i e l d  s t r e n g t h  was 15,000 Oe, 

wi th  a cons tan t  g r a d i e n t  of 2300 O e / c m  throughout t he  c u l t u r e  

medium which was maintained a t  27 C.  The paramagnetic s t r e n g t h  

of t h i s  f i e l d  was 34,5 MOe2/cm o r  34.5 pas ,  - S. aureus was 

grown a t  37 C.  Experiments w i th  t h i s  organism usiag the  

condi t ions descr ibed previous ly  d i d  not  i n d i c a t e  any e f f e c t  

on the  growth r a t e ,  

gave the  same average f i e l d  s t r e n g t h  a s  be fo re ,  but  w i th  an 

average g rad ien t  of 5200 Qe/cm. 

Polecaps were replaced w i t h  o the r s  which 

The g rad ien t  i n  t he  c u l t u r e  

medium ranged from 3000-8000 Qe/cm, 

s t r e n g t h  of t h e  f i e l d  was 78 p a r ,  more than twice a s  s t rong  

a s  t h a t  used previous ly .  Bacterial samples were taken a t  

hourly i n t e r v a l s  and 

The zverage paramagnetic 
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The magnet and c o n t r o l  S. - marcescens c u l t u r e s  had about 

t he  same number of ce l l s  and the  same growth r a t e  up is0 6 hr. 

A t  7 h r  the  magnet c u l t u r e  showed a lower p l a t e  count than 

the  con t ro l .  This d i f f e r e n c e  was g r e a t e s t  a t  8 h r  and dimir,ished 

t h e r e a f t e r  up t o  10 h r  when magnet and c o n t r o l  c u l t u r e s  a g a i n  

had about t h e  same number of cel ls .  The growth r a t e  of t h e  

magnet c u l t u r e  t he re fo re  rebounds and surpasses the  growth 

r a t e  of the  c o n t r o l s .  S b  aureus magnet c u l t u r e s  had a higher  

p l a t e  count and h igher  growth r a t e  than t h e  c o n t r o l  froin t h e  

3rd  t o  6 t h  h r  a t  which time growth inhibi t iora  began, ar,d 

reached a maximum a t  7 h r ,  when the  magnet c u l t u r e  count f e i l  

below t h a t  of t he  c o n t r o l ,  

up t o  the 9 t h  Ear, when magnet and c o n t r o l  c u l t u r e s  had approx- 

This d i f f e r e n c e  gradual ly  d i z in i shed  

imately the  same number of ce l l s .  The f a c t  t h a t  i n h i b i t i o n  was 

observed i n  a highly inhomogeneous magnetic f i e l d ,  and 

i n h i b i t i o n  of both organisms occurred i n  a f i e l d  of the  same 

average s t r e n g t h  but  a t  d i f f e r e n t  paramagnetic s t r e n g t h  i n d i c a t e s  

t h a t  i n h i b i t i o n  i s  a t t r i b u t e d  t o  a paramagnetic phenomenon i n  

which magnetic d i p o l e s  play a role .  A mathematical  a n a l y s i s  

is presented,  



182 e IN'rIIB6TION OF BACTERIAL GROIJTH IN HOXOGENEOUS FIELDS 

Hedrick, H. G .  

I n  "Biological Effects of Megnetic F ie lds" ,  

Edited by M. F. Barnothy, pp. 240-245, 

Plenum. P res s ,  New York, 1964 

Bacter ia  x e r e  exposed t o  a cons tan t  homogeneous f i e l d  

generated by a Harvey-Wells model L 128 12-in electromagneL ami 

Alnico V permanent magnets. The c u l t u r e s  included Szaphylocccccs 

aureus,  Sarcina l u t e a ,  and Escherichia  -----¶ c o l i  considered r e p r e s m t -  

a t i v e  of a biosystem i n  a space veh ic l e ,  Exposed and col;t-rol 

n u t r i e n t  b ro th  c u l t u r e s  were maintained undis turbed a t  37 C except 

when sampled. I n  electromagnet s t u d i e s ,  t he  paramagnetic st:reil~;t'n 

wi th in  the t o t a l  volume of the  exposed c u l t u r e s  w i c h i n  the  4-',a 

homogeneous f i e l d  was cons t an t  a t  0.14 MOe / c m  i n  a cons tan t  2 

homogeneous f i e l d  of 14,000 Oe. Samples taken hourly during 0-12 

and 12-24 h r  per iods were di lut iora  p l a t e d  and a l s o  s t a i n e d .  k 

hanging drop s l i d e  c u l t u r e  placed between th. poles  of a permanent 

magnet was exposed t o  a cons tan t  f i e l d  of TOO O e  f o r  36 h r  and 
t 

s t a i n e d  f o r  evidence of morphological changes. 

Growth of - S. aureus exposed t o  the  14,000 Qe f i e l d  was 

s i m i l a r  t o  growth of t h e  c o n t r o l  f o r  15 h r .  An i n h i b i t i o n  of  

growth noted a t  t he  1 6 t h  hr .cont inued  during the remaining per iod  

of exposure. The p l a t e  count decreased u n t i l  t h e  end of t he  24 h r  
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exposure t o  about o n e - f i f t h  t h a t  of the  c o n t r o l .  It was concluded 

C .  t h a t  - S. a u r e u s  i s  a f f e c t e d  by a cons tan t  homogeneous r re ld  of 

14,000 Oe bu t  i s  not  i n h i b i t e d  i f  exposure t o  the  s.me field is 

i n t e r r u p t e d  hourly for 3 sec ,  I n  the  permanent EZ::~IZ exp2r i i aen t s ,  

a disarrangement of ce l l s  from the  t y p i c a l  g r a p e l i k e  clussers t o  

s i n g l e  i s o l a t e d  c e l l s  was observed, The.magnetic f i e l d  nay 

produce a r e v e r s a l  of c e l l  charge c r e a t i n g  e l e a c n t a l  m g a e t i c  

f i e l d s  which r e p e l  each o the r .  Nei ther  - S. l u t e a  n o r  - -  E :  coli 

showed s i g n i f i c a n t  q u a n t i t a t i v e  d i f f e r e n c e s  i n  c e l l  ? o p u l a t i o n s .  



183.EFFECTS OF MEASURED ACOUSTIC FIELDS OM MICROCOCCUS 

PYOGENES VAR. AUREUS AND ESCHERICHIA COLI STRAINS 

D a l z e l l ,  R. C., Kinsloe,  M e ,  Reid, J, J a D  Ackerman, E .  

Bac te r io log ica l  Proceedings,  pp. 52-53, 1956 

Buffered suspensions of s t r a i n s  of Micrococcus pyogenes 

v a r .  aureus and Escherichia  - c o l i  were exposed t o  t h e  souad 

f i e l d s  of a 10 kc Raytheon magnetos t r ic t ion  o s c i l l a t o r  and 

an 800 kc barium t i t a n a t e  ceramic bowl t ransducer .  Twenty 

min  exposures were made a t  15, 25, and 45 C and a t  var ious  

l e v e l s  of power output .  
L 

The s t r a i n  of g. p y  ogenes var .  a u r e u s  

employed was found t o  be more r e s i s t a n t  t o  the  l e t h a l  ef’ lects 

of the  sound f i e l d  than were t h e  s t r a i n s  of - E.  c o l i  - used. 

Increase  i n  power ou$put r e s u l t e d  i n  an  inc rease  i n  l e t h a l  

effect .  Temperature e f f e c t  on r a t e  of k i l l i n g  was not  ob- 

served i n  t h e  range 15 t o  45 C. Attempts t o  demonstrate 

pho to reac t iva t ion  following exposure t o  a sound f i e l d  were 

no t  success fu l .  The l e t h a l  effects of a sound f i e l d  and u l t r a -  

v i o l e t  r a d i a t i o n  were compared employing a r a d i a t i o n  s u s c e p t i b l e  

organism, E. - -  co l i ,  s t r a i n  B, r e s i s t a n t  mutant of t h i s  s t r a i n ,  

B / r ,  and the r e s i s t a n t  s t r a i n  C 30. 

ence i n  r e s i s t a n c e  t o  u l t r a v i o l e t  r a d i a t i o n  was observed, B/K 

and C 30 proved t o  be a s  suscep t ib l e  t o  t h e  sound f i e l d  as  

d i d  s t r a i n  B. This  suggests t h a t  ox ida t ive  effects a r e  of 

Although a marked d i f f e r -  
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little significance in the lethal mechanism of v i b r a t o r y  

energy. With the 800 kc transducer of ref. current -of 4,5 

to 5.0 amperes certain changes were noted in the ability of 

- M. var. a u r e u s  to produce the pigment typical of 

the variety. 



184 THE BIOLOGICAL EFFECTS OF ULTRASOUXI) 

Wilson, J .  W., C u r t i s ,  J. C. 

- s  U. S.  Government Research Reports ,  v. 39, no. 1, p .  18, 

January 5,  1964 

Contract  Nonr, 231400, Task 100 007 

AD - 416 751 1963 11 P P e  

F i n a l  Report 

U l t r a son ic  r a d i a t i o n  effects on y e a s t  and m a m a l i a n  

t issues  a r e  descr ibed .  



185. SHGCK, VIBRATION,  ACCELERATION AND ULTRASOUND 

EFFECTS ON BIOLUMINESCENT FUNGI 

B e r l i n e r ,  M. D . ,  La Rochel le ,  M. F. 

Bac te r io log ica l  Proceedings,  p .  5,  1963 

Cu l tu re s  o f  t he  luminescent fung i ,  Panus s t i p t i c u s  and 

Armi l la r ia  mel lea  were exposed t o  a ser ies  of shock, v i b r a t i o n ,  

a c c e l e r a t i o n  tests a s  a n t i c i p a t e d  i n  t h e  sending and r e -en t ry  

of a space probe, a s  w e l l  a s  t o  a range of  u l t r a s o n i c  v ibra-  

t i o n s .  Change i n  t h e  l i g h t  emission i n t e n s i t y  serves  a s  a n  

i n d i c a t o r  o f  phys io log ica l  changes i n  the organisms. 

s t i p t i c u s  c u l t u r e s  were unaf fec ted  by a l l  t e s t s .  

- P.  

- PA. mellea 

responded a s  fol lows:  1. Shock - 100 g ,  6 m i l l i s e c  40 percen t  

i nc rease  i n  l i g h t  emission. 2 *  Random v i b r a t i o n s  - 15-2 KC, 

1 min - 1 hr. 30 min and 1 h r  exposures y i e lded  l i g h t  i n -  

c r eases  up t o  250 percent .  3. Acce lera t ion  - 2-20 g ,  5 min. 

A l l  exposures y i e lded  l i g h t  i nc reases  of about 150 percent .  

4 .  Ultrasound - 20,000 cyc le s / sec  f o r  1 sec - 10 min. Step- 

w i s e  i n c r e a s e s  i n  l i g h t  emission up t o  400 percent  a t  1, 3 ,  

5 ,  10 min. All i n c r e a s e s  i n  l i g h t  emission w e r e  t r a n s i e n t  

and i n t e n s i t i e s  r e tu rned  t o  p r e t e s t  l e v e l s  i n  5 hr. There 

was no v i s ib l e  c e l l  damage o r  change i n  growth ra te .  S t i -  

mulation i s  assumed to be due t o  release of enzymes and sub- 

s t ra tes  i n t o  t h e  med ium,  The 2 spec ie s  may reac t  d i f f e r e n t l y  

because of t h e i r  mode of growth, a e r i a l  f o r  P. s t i p t i c u s  and - 
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submerged f o r  - A .  mellea. NASA c o n t r a c t  NASw-389. 



186. COMPLEMENTARY EFFECTS OF 33-EWL AND I O N I Z I N G  ENERGY 

L i c c i a r d e l l o  J J e 

I n  "Exploration i n  Future Food - Processing Techniques", 

pp. 37-45, SI  A .  Goldb l i th ,  Ed i to r ,  

The M e  I. T. P r e s s ,  Cambridge, Massachusetts,  1963 
.F. 3 

Four t o  E v e  m i l l i o n  r ad  a r e  requi red  t o  s t e r i l i z e  foods by 

means of i o n i z i n g  r a d i a t i o n  w i t h  the  same p r o b a b i l i t y  of spoi lage  

by ClostrLdium botulinum as i s  achieved by thermal processing,  I n  

an e f f o r t  t o  lower the  r a d i a t i o n  dose t o  improve t h e  q u a l i t y  of t he  

product ,  i r r a d i a t i o n  has been coupled w i t h  o t h e r  l e t h a l  t rea tments  

such a s  u l t r a s o n i c  energy and a n t i b i o t i c s ,  The use of thermal 

energy w i t h  ion iz ing  r a d i a t i o n  seems most promising. The complement- 

a r y  e f f e c t  occurs  only when the  i r r a d i a t i o n  precedes the hea t  

treatment and has  also been observed w i t h  u l t r a v i o l e t  r a d i a t i o n  

and a l s o  w i t h  v i s i b l e  l i g h t  i n  photodynamic dye-sens i t ized  cel ls .  

It i s  g e n e r a l l y  be l ieved  t h a t  i r r a d i a t i o n  lowers t h e  thermal 

requirement f o r  p r o t e i n  dena tura t ion .  

The i n f luence  of environmental  condi t ions  dur ing  i r r a d i a t i o n  

on t h e  hea t  s e n s i t i z a t i o n  of C.  P.A.  3679 spores ,  - 
Bac i l lu s  s u b t i l i s  spores ,  and Salmonella Q p  himurium was i n v e s t i g a t e d .  

When spores  i n  n e u t r a l  phosphate bu f fe r  were i r r a d i a t e d  over t h e  

g9 2-10 x 105 r e p  a t  room temperature and then heated 

6 6, Itt  was f e 
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the  i r r a d i a t i o n  t o  a lesser degree than - C, The extent 

of h e a t - s e n s i t i z a t i o n  depends upon the  s u b s t r a t e  p re sen t  during 

and C. botulinum i r r a d i a t i o n .  Experiments w i t h  - C. _. 

showed less h e a t  s e n s i t i z i d g  effect  i n  complex organic  media than 

i n  n e u t r a l  phosphate buf fer .  I n  gene ra l ,  t h e  degree of r ad ia t ion -  
.. - 

induced h e a t  s e n s i t i z a t i o n  was no t  s i g n i f i c a n t l y  changed under a i r  

o r  l mm oxygen t ens ion ;  over the  pH range 4.5-7.0; whether 

i r r a d i a t i o n  was c a r r i e d  out  i n  the  frozen s t a t e  o r  68 F; and was 

independent of spore concent ra t ion .  
I C.  sporogenes a t  about 153 F 

and 600,000 rad  showed a s i g n i f i c a n t  i nc rease  i n  hea t  s e n s i t i z a t i o n .  

The l e t h a l  effect:  of simultaneously applying CO-60 gamma 

r a d i a t i o n  and h e a t  t o  Salmonella typhzimurium suspended i n  l i q u i d  
\ 

whole egg was compared wi th  the  l e t h a l i t y  which occurred when 

i r r a d i a t i o n  was followed by an. equiva len t  amount of hea t .  When 

the  i r r a d i a t i o n  dose ranged from 0-60,000 r ad  and the  tanpera ture  

during QK following i r r a d i a t i o n  was 130 F, a marked d i f f e r e n c e  i n  

s u r v i v a l  was observed on comparing the  two processes  a t  i nc reas ing  

r a d i a t i o n  dosesD 

surv ivors  when hea t ing  followed t h e  i r r a d i a t i o n  ( a t  32 F )  than 

when hea t ing  and i r r a d i a t i o n  were simultaneous.  

ments a t  100 F ~ e r n Q ~ s t r ~  

A t  60,000 rad  t h e r e  were a hlindred times more 

S imi l a r  experi-  

l v a l  at: 50,000 rad was two- 

d a t  100,000 rad f 0 u r - f ~ ~ ~  greater *hen 

e Comparison 
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of s u r v i v a l  da t a  from experiments a t  45,000 rad ,  130 F and 

50,000 r a d ,  100 P i n d i c a t e s  t h a t  t h e  30 F inc rease  i n  temperature 

increased  l e t h a l i t y  300- and 40- f o l d  r e spec t ive ly  f o r  simultaneous 

i r r a d i a t i o n  and hea t ing  and i r r a d i a t i o n  followed b j  hea t ing ,  

i f  one assumes the  i r r a d i a t i o n  i n  bo th  in s t ances  to be equivalent; ,  
.s:f 

12 references 



187. EXPOSURE OF MICROORG rnRRES'%RICAL 

SPACE ECOLOGY 

Silverman, G. J., Davis,  N e  S . ,  Keller, W e  K. 

I n  "Life  Sciences and Space Research", v. I, A Session 

of the  Fourth I n t e r n a t i o n a l  Space Sciences Symposium, 

Warsaw, J u n e  3-12, 1963, pp. 372-384, 

North-Hollanjd. Publ ishing Company Amsterdam, 1964 

e:: z 

The v i a b i l i t y  of spores  of f i v e  t es t  spec ie s  and organisms in 

s o i l  was determined a f t e r  e osure t o  t he  temperature ra 

t o  +I70 C f o r  4-5 days i n  u l t r a h i g h  vacuum. 

exposed t o  CO-60 gamma r a d i a t i o n  following u l t r a h i g h  vacuum t r e a t -  

Spores were a l s o  

ment .  Spore populat ions i n  vacuum a t  -190 t o  +25 C were \ 

q u a n t i t a t i v e l y  s i m i l a r  t o  prepara t ions  maintained a t  temperature 

and atmospheric p re s su re  i n  a des i cca to r .  Surv iva l  of B a c i l l u s  

mega terium , B.  - and Clostridiuna sporogenes i n  

u l t r a h i g h  vacuum a t  60 C was s i g n i f i c a n t l y  lower than s u r v i v a l  of 

- B. s u b t i l i s  v a r ,  andzAspergi l lus  n ige r .  - A. n i g e r  su rv ivo r s  

were de tec t ed  in a q u a l i t a t i v e  assay a f t e r  exposure t o  107 C i n  

vacuum, b u t  none were v i a b l e  a t  120 C ,  

t h e s e  spo res  a t  90 C and atmospheric pressure  was notably d i f f e r e n t  

The s u r v i v a l  p a t t e r n  of 

than in vacuum. Viable  - 13, s t e a r o t h e m o p h i l u s ,  - C.  sporogenes,  and 

- A, e recovered a f t e r  only one day a t  90 C 

and atmosphe ressure, Under t h e  same c o ~ ~ ~ t i o n s ,  B e  s u b t i l i s  - 



f o r  5 and 7 dayso  

Garden s o i l  was maintained i n  u l t r a h i g h  vacuum f o r  5 days a t  

var ious  temperatures.  Mesophilic aerobes and anaerobes,  molds and 

actinomycetes were recovered i n  q u a n t i t a t i v e  assays  a t  90 C; molds 

were h o t  d e t e c t e d  a t  110 C. A t  170 C, a q u a l i t a t i v e  assay  demon- 
.r:: 

s t r a t e d  s u r v i v a l  of members of a l l  bu t  t h e  mesophi l ic  anaerobe 

group. A s o i l  from t h e  Mohave d e s e r t  a l s o  had l o w  nmbe s of l i v i n g  

organisms a f t e r  4.5 days a t  170 C i n  vacuum. 

The gamma r a d i a t i o n  r e s i s t a n c e  of extremely dry  spores  which 

had been i n  u l t r a h i g h  vacuum was compared w i t h  the  r a d i a t i o n  

r e s i s t a n c e  of  s i m i l a r  spo res  s to red  over s i l i ca  g e l ,  E, s t e a r o -  

thermophilus was much less r a d i o r e s i s t a n t  after u l t r a d r y i n g  than ' 

i n  n e u t r a l  phosphate b u f f e r  s a t u r a t e d  w i t h  n i t rogen .  - B. s t e a r o -  

thermophilus,  I B. m e g a t e r i m ,  and - C. exposed t o  vacuum 

bu t  i r r a d i a t e d  i n  a i r  were appreciably more s e n s i t i v e  t o  r a d i a t i o n  

than spores  i r r a d i a t e d  i n  vacuum, Spores d r i e d  over  s i l i c a  g e l  and 

i r r a d i a t e d  i n  a i r  were more r e s i s t a n t  than t h e  u l t r a d r y  spores  a l so  
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Space Science Board, 18 

Spectrometer ,  lunar , 4 

Spore a c t i v a t i o n  74 



Spores ,  mold, 73, 148, 187 

Spor i c ides ,  41, 132, 169 

Sporula t ion  - i n h i b i t i o n  i n  fung i ,  73 - 
Staphylococcus sp . ,  172 

Staphylococcus aureus  , 4 ,  28, 175, 181, 182 

Steam h e a t i n g ,  30,  35, 84 

S t e r i l e  environments,  27 

S t e r i l i z a t i o n  

a 

see combined effects  
see gamma r a d i a t i o n ;  combined effects,  113 
dry  h e a t ,  64, 168$ 187 
e lec t rochemica l  9 59 
equipment, 68 
of food, 38, 84, 128, 132, 176, 177, 186 
gaseous,  4 ,  40, 42, 43 J 44 
of  medical  equipment, 43 
of  plasma, 26 
of s p a c e c r a f t  and COmpQneIltS, 2 ,  4 ,  5, 69 7 ,  9 ,  10, 11, 13, 

’ 14, 15, 16, 17, 18, 19,  20, 23.9 
22, 48, 49, 148, 168, 169 

p r o b a b i l i t y  o f ,  169 
r a d i a t i o n  110 
steam, 68 
s u r f a c e s ,  27, 42, 68, 148 
t ime,  68 

S t e r i l i z i n g  doses - cathode r a y s ,  87 

St rep tococcus  faecium, 6 5 .  

Strep tococcus  faecal is  133 

aureofacfens , 171 



S u l f u r  m u s t a r d ,  26 , 27 

Temperature - c o n t r o l  i n  s p a c e c r a f t ,  15 - i n f luence  on d i s i n f e c t i o n  r a t e ,  33 - Q l O ,  62 

Temperature dependence - p o s t i r r a d i a t i o n  oxygen effect ,  104 - 
Tetanus t o x i n ,  134, 172 

Thermophilic anaerobe NCA 3814, 125 

Thiomersalate  28 

Tissue  c u l t u r e ,  44,  61, 173 - k i l l i n g  by electric f i e l d ,  173 

Toluene, 30 

Trioxymethylene, 35 

Tr i t ium,  92 

U l t r a s o n i c s ,  133, 183, 184, 185 

U l t r a v i o l e t  p r o t e c t i o n  - p r i o r  t o  X-ray exposure,  - and v i s i b l e  l i g h t ,  148, 171 
171 

U l t r a v i o l e t  r a d i a t i o n ,  26, 76, 88, 91, 124, 148, 149, 150, 153, 
l57, l59J 171, 183 - effects independent of oxygen, 159, 171 - and hydrogen peroxide ,  91 - i n f l u e n c e  of n u t r i t i o n a l  c o n d i t i o n s ,  l 7 b  

U l t r a v i o l e t  r e s i s t a n c e  - and hUllidity, 150, 167 

Vibration 
fungi,  185 



Viruc ida l  a c t i v i t y  - B-propiolactone and u l t r a v i o l e t ,  26 

Viruses  (see a l s o  bac te r iophage ) ,  40, 44 ,  100 - i n a c t i v a t i o n  by e lec t r ic  f i e l d ,  173 - r a d i a t i o n  r e s i s t a n c e ,  176 

V i s i b l e  l i g h t ,  148 ,  153 

Vitamin K5, 127 

Water - and r a d i a t i o n  s e n s i t i v i t y ,  99, 110 

Water vapor - i n f luence  on dry  h e a t  s t e r i l i z a t i o n ,  - i n f luence  on gas  s t e r i l i z a t i o n ,  27 
168 

Weightlessness - and r a d i a t i o n  r e s i s t a n c e ,  126 

Wheat seed d i s i n f e c t i o n ,  

Wood - s t e r i l i z a t i o n ,  68, 172 

X-ray r a d i a t i o n ,  88, 98, 99, 111, 135, 136, 137, ‘840, 141, 1539 
157, 170, 173.3 176 - chemical p r o t e c t i o n ,  137 

.,, n i t r i c  ox ide ,  142 - pulsed, 170 

- under anoxia ,  142 
. -  and temperature ,  111 

Yeast, 44,  92 ,  124, 132, 136, 140, 153, 171, 176, 184 - chemicals and survival, 123 

2 values, 72 


